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ABSTRACT 


Making an aircraft available and modifying it to test 
various antenna systems and configurations is extremely 


costly. The computer model is an excellent alternative 


means of analyzing antenna systems SO optimum 
communication system performance. lniwees study 
electromagnetic "wire grid" computer models of two 


helicopters and eight HF antenna configurations are 
developed using Interactive Graphics GE ielal.c Y for 
Automated NEC Analysis (IGUANA). Numerical 
Electromagnetics Code (NEC) is used to obtain radiation 
patterns, and the Advanced Prophet program is used _ to 
develop the criteria for judging system effectiveness. 
These computer results compare favorably with test range 
data, showing great savings of cost. They provide’ the 
additional advantage of showing radiation patterns at an 
elevated angle for skywave propagation analysis (patterns 


which cannot be obtained on an antenna test range). 
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A. WEED FOR THE STUDY 
The Coast Guard relies heavily on helicopters’ to 


perform its primary missions of enforcement of laws & 


et — 


treaties, search and rescue, aids to SEIS =ssleyay. and 
maritime defense. Two types of helicopters are used in 
the Coast Guard. ~The medium-range recovery (MRR) 
helicopter is the HH-3F Pelican which will be replaced 
shortly by the HH-60J Sea Hawk. The transition from the 
HH-52A Guardian to the HH-65A Dolphin is almost complete. 
The Dolphin is the Coast Guard's short-range recovery 
(SRR) helicopter. In executing their assigned missions 
both the MRR and SRR routinely operate from the coast 
PivemourstOez00 nautical miles off Shore “and remain below 
1000 feet for most of the mission. It is essential for 
the helicopters to maintain effective communications with 
a Coast Guard communication station to exchange 
operational information and receive direction as well as 


POrmeliaqntatollowing. 


Ba Soa etsEieNT OF THE PROBLEM 
The Dolphin was designed to use a Rockwell-Collins 
718U-5 HF radio transceiver and a long-wire antenna to 


provide reliable two-way voice communications at ranges 


of up to 200 nautical miles. Figure 1, taken from the 
HH-65A flight handbook, illustrates how the long-wire 
antenna runs along the tail boom and up the vertical tail 
on the starboard side, through a non-metallic transition 
tube, and doubles back along the port side of the 
helicopter. During development flight tests the 
5 pareuieten performance of this system was Eon to be 
marginal at best. Shortly after accepting the Dolphin 
tor operational use several aircraft experienced 
structural failures of the long-wire resulting in wire 
ingestion into the fenestron. Consequently, the long- 
wire was shortened to exclude the portion along the 
vertical tail. This modified antenna exacerbated the 
performance problems of the Dolphin's HF system. 


The MRR replacement helicopter, the Sea Hawk, was 


reported to have similarly poor HF operational 
performance and the Navy has zeroed in on the long-wire 
antenna as the chief cause of the problem. [(Ref. 1] 


C. PREVIOUS WORK 

TestS were recently Conducted at Che @Nay a len aeosr 
Center, Naval Air Station, Patuxent River, Maryland, to 
determine the operating performance of the HF long-wire 
antenna installations oon both the Dolphin and the Sea 
Hawk. Similar tests were conducted with a Rockwell- 


Collins 437R-2 tuned HF monopole antenna system installed 


10 


OOH @¥NG ss Gwiig 






OMA3219 | 

20IND- C=. ‘ 

coos VNNJANY @ Awad). ! 
= LO 7 Ov 





asess 5 sy Ors 4 me) 

* Quueiuy « Ue 3 I 

> 

Swupavi =... 

MBA o000WAE ag 

t 

@ Wvijg ‘ 
6 DNt2001 MBA 


qd tvi3d 


wiidvaw ..4,. 


OMmADIIS 


ONtw Is 


(kLHOIwI AHA BENE 


V iviza 









MAAODG DNIRO01 WA 





. é 
INI WHS # W190 \ 
i Wvi3d | LY witevav .4., 
: \ ; i 
- \ . 
; aS 
eT ee \ Dwi 
OMAIDIS WEN UENY 
2 vind S$vlowres ' paris 
vA ¥IA0S S003 
1 a) 
= 4 
mO8123 bs , 
~ —_ wWOIJINNOD 
, _)  °}”~=— ba ui L4¥ 9OMISOO0™ MDA Duiwis Onrens 
| i 3 Nviid ByASts #01438 
3AD2NS ‘| 
swOeens 
7 Totaled De ina 
Onmw is ji Sy | NOISN PA 
UV IADS E s ‘ 
eT oe rena | 
a ; ———— WIA08 $009 dev elee 
F \" ! ¢ a3amoi NOIEN DA 
SN DA das ONIONS errmsg id WDLIOD wIKSvan neg < 
191 WIAOS SOND wdeen iy _—— 


wire Antenna Configuration. 


Dol phingahong- 


Fagunme 1 


11 


on each helicopter. Comparison of radiation patterns in 
the horizontal plane showed that the tuned monopole 
system improved HF performance, particularly in the 


vertical polarization. [Refs. 1, 2] 


D: SCOPE GP roel nhs is 


Actual aixcraft modification to test various -antenna - 


systems and Configurations HNals* provedwextremety, costiy 
and time consuming. In this thesis study computer 
modeling was used as an alternative method for testing HF 
antenna system performance. The Interactive Graphics 
UCI L Lovee LOr Automated NEC Analysis (IGUANA) computer 
program, prepared for NOSC by System Development Corpora- 
tion, was used to develop electromagnetic computer models 
for the Dolphin and Sea Hawk helicopters as well as’ for 
various configurations of eee ery monopole, and 
shorted-loop type antennas. These computer models were 
used as input for the Numerical Electromagnetics Code 
(NEC), a computer program developed at Lawrence Livermore 
Laboratory under the sponsorship of the Naval Ocean Sys- 
tems Center (NOSC) and the Air Force Weapons Laboratory. 
Radiation patterns were obtained as the output of the NEC 
runse 

Typically, an antenna range can conveniently measure 
radiation patterns only ina plane which is nearly 


horizontage Since ground waves over the ocean rarely 


1 


propagate more than 100 to 150 nautical miles at best, 
communication in the HF range frequently requires the use 
of sky wave propagation. It would be helpful to be able 
to obtain radiation patterns at any angle above the 
hes igeon. The engineer would then have more complete 
information on which to base a comparative decision on 
the qeetna wave/sky wave performance of various ee 
systems. The computer models developed in this’ thesis, 


combined with the NEC code provide a convenient mechanism 


to obtain radiation patterns in any direction. 
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Il. SKY WAVE PROPAGATION 


Sky wave propagation occurs when a signal is 


"reflected" or bent in the ionosphere. 


A. NATURE OF THE IONOSPHERE ‘ 5 _ 
The ionosphere is an ionized region in the upper 
atmosphere extending from about 60 to 300 kilometers. 


The portion of the ionosphere which 1s used for HF 


propagation is broken down into three regions -- D,E, and 
FD ==" wi ch electron density increasing and neutral 
atmospheric constituents decreasing with altitude. The 


amount of bending or reflection experienced by a_ signal 
in the ionized layers is dependent on frequency. Higher 
frequency signals are bent to a lesser degree than lower 
frequency signals and therefore penetrate farther into 
the ionosphere. There is a certain critical frequency 
which, if exceeded, allows the signal to escape into 
space before being suitticiently bent Coereaturiuecmear-u: 
So, for effective sky wave communications, a frequency 
must be utilized which is lower than the critical 
frequency. 

On the other hand, losses are greater at the lower 


frequencies due to energy absorption as a result of 


14 


setting the ionized particles into motion. Because of 
the high ratio of neutral to ion particles in the lower 
lonosphere, an electron passing through this region is 
more likely to collide with a neutral particle and 
consequently be unable to re-couple all of its energy 
back into the wave. By completing its reflection mm ene 
lower levels of the ionosphere, the lower lernitonet 
signal spends comparatively more time ina region with 
high neutral particle densities. Higher frequency 
Signals pass more quickly through these high-loss regions 


and are turned back toward the earth with less overall 


losses. {(Refs. 3, 4] 


B. PROPAGATION VIA THE I[ONOSPHERE 

A compromise must be established where the frequency 
is low enough to permit the signal to be returned _ to 
earth but high enough so that all useful energy is not 
absorbed enroute to the receiving station. The lowest 
usable frequency is termed the LUF, -while the maximum 
usable frequency is termed the MUF. The best compromise 


frequency, as described above, is termed the FOT, or 


Frequency of Optimum Transmission. The FOT is considered 
to be approximately 80% of the MUF. In fact, deviation 
away from the FOT results in extra losses which 
significantly reduce system performance when 


communicating via sky wave. John Brune of the Army's NOE 


ibs) 


Communications Branch at Ft. Monmouth, NJ, compiled data 
which shows that deviating +/- 1.5 MHZ from FOT in the 
early morning hours produces 20 dB "extra expected" loss. 
The mid-day period is only slightly more forgiving where 
a deviation of +/- 2 MHZ produces the extra 20 dB loss. 
A loss of 20 dB equates ae. one one-hundredth 
SPP Ree Mr. Brune points out correctly eee for a | 
successful sky wave communications link it is advisable 
to give more attention to choice of frequency rather than 
increase of transmitter power. [Ref. 5] 

The elevation angle of the transmitted signal is 
another important factor in sky wave propagation. AS 
shown in Figure 2, transmitted rays entering the ionized 
region at angles above the critical angle for that. 
Frequency are not bent enough to be returned to earth. 
Rays entering at angles below the critical angle are 
returned to earth at increasingly greater distances as 
the angle approaches the horizontal. It is clear that 
there is a certain distance along the earth's surface 
where little or no signal energy will be found. This 
area, called the skip zone, is too far away from the 
transmitter for effective ground wave coverage, and too 
close for sky wave coverage. 

It seems at first glance that ene skip zone would be 


easy to predict. The critical ray angle for a given 


16 


Me oc -ONI G@'°28 -GNo He’! =JUVis -SaAUDNRY HONG NU AGH 





7. 
a 
5 te 
wh --ear- er - de -+--- ea mere mie lig t- HHH a. oe ee 
Sa — -- es =e : : 2 Bere a = ese a : H S fe Sia: 2 =F 
a = ae. a’ - a = - — —- oom | 5 pe — woe ee ES Se SS ee Th a2 ; ey ae Ss ipeiey: eee 
7. ss = - Titers a = =o Ci ar ae cy gl Sa ee ee ~~, a: E Se cg 3 aor - 
= = = x 
a eae) ear — = _- iy mee Sr — = =- = — = — =... a “a im t Ba rt =f: cl. C ar 
-~ 4 ke — — = : ek —— = ee =a a = = —_ Fee A “aye rR 
EE = ar —_— 1. adi _>_ — =_— =r-_ — —_ = —-- = — ee =a SS mae =a N= at 2 Os tes FL : 
_——_—-> i Ls S re -- =e did Bap eet a et er ee TT ge = ese ee eS OS SS ee oS a A ES a th iy a ee ae : 
ee = Ta: —" = Ee: BY — ae Pt a be ee re ae tr ee ee Ee aa = Tt ben cays th fee 
—— =—g oe oe =a =e = — — se - Se eS age, BSS a Ss se Be eae a ee et Sorct ota eR hare “3 
eel a nee 2 om ge =a = -._ =a = = =F 23 Bee Cats ee = Ss Se ST a Be et ee ee ee a Se + 
—- — 38, - = CSS Say = 2 +e- ay: 9 ed EE ee OS Se SS ea Eo ais Sec ee eee See ace a 
TF tan, So Se ee ge i a ee ee i ee se ee Sheet kak ot Se oe oe ee ee oe ee ee eee ee 
aoe, meas i=) a iS ee Se en er a oe Me” So ae eee Te a es oe a eee 2 oe ee Sea tee ee 
ren — Se —--. ee Se ae Site Se ee Se Se SS SSS eee 
a OS a ee aL Sel eS Sieh ce = tg we ee - ¢.. eee eS SI --- St a ae eee etree Ces SS ae 
Les. — = T-—. 2 Sri et SOD ae Ts Ce ae Bs ae pee oe ee a ee ee a ee ea oe ee 
= =) ae i —ocar * eam = ate Fe eee img, FS. eo *: <7 — -™ OW ae SE te Cie el on = 3 
-—-—-_ ee — oo Tye Bennett Me o_o one re at -— = ast ae ee Sar — a Tle aes Sorte ae SL 
=“ —— SS) ss ee ee ee Boe Mt a wo cE” ee. ry = ae EPaN, = a al remot were oo E a 
= nna Sal RE Ri ae eS oe 
io = 6 Se = a 
2 = mae a - pe SS SS oe ee 
is ie 5 Ea Zoe se 
a a a = eee LO 


Wo Gi -o2IT HDYS t -G2MO7T9TU SHaGCGH AUR SHMdOH ODNIPeEStacHha 


(2 i (ee ins 


een ee i ee ees Se 


en ne Se ie ee 


Mo €°G6LI- cana WOE REE = caWH 
9°88 -esO# HW 2° =1ACA YZHW GE -ROD [GeAhasonad 
IWN 6° S6T -SONGH RINKRUM # cit TING M Sb-16-92 WN @I-@8b-9E WIGSH iMeca 
66°81 [HNd 4 INNO of “INU M BW -@t-2@2 NH -A -9E 2OURH twiwe 
Gd 6° -G0SH YNS HS SASiGM AGUA-NUw 8d tdy @8'BG INSS AE ana: Pe 
2 S44 (GSTGN DIMAHGSGWLY oR fe:8) SBWIE 96/1 -1 fmata 
eel | jae Hee QALAPSSUIOR wee 


ee {— 
SS SS SSS ss 


wes cs fh 


Advanced Prophet Critical Ray Angle. 


Figure 2 


Ly 


frequency, however, is a complicated function of 
ionization density and layer height. The liont’zattoqnmo: 
the atmosphere is believed to be caused by ultraviolet 
radiation from the sun. The degree of ionization of a 
layer is dependent upon time of day, season, and sun spot 


activity. [Refs. 3,4,6] 


c. COMPUTER SIMULATION 

Several computer programs are available to predict 
propagation via the ionosphere but Advanced Prophet, 
distributed by Naval Ocean Systems Center, is used 
herein. It is compatible with the Coast Guard Standard 
Terminal and provides all the required features necessary 
For this study. 

The Advanced Prophet program was used in a scenario 
where a ground station at Norfolk, Virginia, was 
communicating with four helicopters engaged in typical 
Coast Guard missions. The range to helo 1 was 100 
nautical miles (nm) and to helo 2 was 200 nm. Helo 3 was 
introduced One y, once to compare its horizontally 
polarized signal's ground wave range with that of the 
vertically polarized signal of helo 2. Helo 4 had the 
closest range at 50 nm. The helicopters were operated at 
1000 feet above the ocean, the wind was programmed to be 
25> knots, and the sun spot number was set at an average 


value of 50. The noise models were engaged and the 
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transmission mode was selected to be single side-band. 
The ground station used a vertically polarized antenna 
while the helos (except helo 3) were assumed to radiate 
TsO EZODLeC Signals. Summer and winter seasons were 
investigated as well as daytime and nighttime ionospheric 
conditions. The complete results of the simulation have 
been included in Appendix B, and certain figures oe the 
study have been used to illustrate points in this 


SeEE10Nn . 


D. EFFECTIVE COMMUNICATION 

The goal of effective communication from zero to 200 
mm range is met by eliminating transmitting station's 
Soap zone (Figure 3). This may be accomplished by 
increasing the area of ground wave coverage and by 
increasing the critical ray angle to bring Ene limit of 
sky wave coverage closer to the transmitter. 

As illustrated in Figures 4 and 5 and explained in 
Reference 8, page 9-4, effective ground wave propagation 
over the ocean beyond 10 nm range is made possible by use 
of vertically polarized signals. An efficient Coast 
Guard helicopter's antenna system should produce a high 
gain, uniformly Gistributed, vertically polarized 
radiation pattern in the horizontal plane. Figure 4 


Shows that frequency selection is also very important in 
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Advanced Prophet Area Coverage. 


Figure 3 
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Ground Wave Range vs. 


Figure 5 


maximizing ground wave propagation. In general, lower 
frequencies yield greater ground wave coverage. 
Increasing the critical ray angle is done by proper 
Frequency selection. Since optimum frequency is tied to 
a dynamic ionosphere, propagation programs such as 
Advanced Prophet are essential tools. 


— 


The Advanced Prophet scenario illustrated that helo 


4, at 50 nm, essentially always communicated via 
ground wave. Helos 1 and 2 would generally utilize 
sky wave propagation and the frequency "windows" for 


effective communication were seen to be from about 3 to 9 
MHZ depending on time of day and other solar conditions. 
Their ray angles as determined by the Prophet program 
ranged from 45 to 76 degrees with an average angle OF 
about 64 degrees above the horizon. 

Signals which are transmitted at large elevation 
angles are said to be propagating in the Near Vertical 
Incidence Skywave mode (NVIS). The average of 64 degrees 
may be taken as the optimum launch angle for 100 to 200 
nm one hop NVIS propagation. With this average figure in 
mind an antenna system can be designed to produce maximum 
gain and a uniformly distributed radiation pattern at the 
optimum elevation angle. Polarization of the vertically 
radiated signal is not important since the effects of 


reflection from the ionosphere tend to produce random 
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polarization in sky wave signals [Refs. 6, 7]. Conse- 
quently, only the total radiation pattern is of concern 


for sky wave propagation. 
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iP MODELING 


A. NUMERICAL ELECTROMAGNETICS CODE (NEC) 

The Numerical Electromagnetics Code (NEC) is a 
FORTRAN computer program which is used to analyze the 
Me seaGnetic response of metal structures. Pee onnsee 
wires, masts, surfaces, or virtually any other metal 
structure may be modeled and analyzed using NEC. 
Structures may be modeled in free space or over a _ ground 
plane. Whale it is possible to push the code beyond its 
limits careful modeling and analysis with NEC provides 
acGumatee results from 2 MHZ through 25 GHZ (Ref. 8, 9]. 
NEC requires a main-frame computer, but a smaller micro- 
computer based version of the code called MININEC is also 
available. 

The code performs a numerical solution of integral 
equations for currents induced on the structure using a 
form of Method of Moments for "point matching" at each 
Wire segment center. Kirchoff's Current Law is enforced 
on segments at wire junctions to reduce the linear 
equations to a manageable number which are then solved by 
the Gauss-Doolittle method. 

Once the current on each segment is known, the 


‘radiation patterns are obtained by numerical integration 


INS, 


of the RF current distribution on the model. Output is 
in tabular form, easily accessible for processing with 
Graphical routines. 

Excellent detailed descriptions of the NEC code are 
found in References 8, 10 and ll. 
B. INTERACTIVE GRAPHICS UTILITY FOR AUTOMATED NEC 

ANALYSIS (IGUANA) 

NEC requires input geometry cards for each wire in 
the model. Every card must include the coordinates in 


three-space of both end points as well as the wire radius 


and segmentation. Developing this type of model 
accurately is a lengthy, tedious, and error prone 
process. The data must be checked and re-checked _ to 


ensure measurement and keyboard errors are not present in 
the model. IGUANA is a user-friendly micro-computer based 
program which provides a partially automated system for 
both data entry and display. Its use greatly reduces the 
time and effort required for accurate model development. 

Data entry begins by using a digitizer to enter lines 
from a two-view scale drawing. The program converts this 
data into a three-dimensional wire model and displays the 
entire structure graphically. The program Sen the 
capability of rotating the displayed structure and of 


magnifying selected portions (zooming). The user can 
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edit the displayed structure via mouse, adding or 
removing wires and points as desired. When the model is 
completed the program will generate the required geometry 
data cards in NEC’ format. UEPPnetes. which —inelude 
optional prompts are available within IGUANA to create or 
edit the NEC comment, geometry, or program control cards. 


[Ref. 12] 


C. DOLPHIN MODEL 

The Coast Guard's SRR helicopter, the HH-65A Dolphin, 
was modeled as an equivalent grid of wires. The use of 
Wire grid models for complex bodies has been well 
documented [Ref. 8, 13]. Some concern existed for this 
case, however, because of the high level of composite 
materials in the make-up of this aircraft. The vertical 
fin was almost all carbon fiber composite material, while 
the tail cone panels consisted of an inner and outer 
metal skin with a nomex honeycomb material sandwiched 
between them. The individual panels were electrically 
insulated from one another for corrosion prevention 
purposes (Figure 6). Except for the vertical tail, fins, 
and horizontal stabilizer, the wire model was constructed 
as though this was a standard metal helicopter in the 
belief that, at RF, the framework would have appeared 


Sour . The vertical tail, fins) and horizontal 
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Figure 6 Dolphin Skin Panels. 
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stabilizer were modeled with a coarser wire grid because 
of their highly composite makeup. 

A simple wire antenna model was developed to simulate 
each of four HF antenna systems contemplated for use on 
the Dolphin. These were: 

1. _ The Original long-wire antenna (Fig. 7,8) | 

2. The Collins 437R-2 tuned monopole antenna (Fig. Ss) LI) ), 
3. The tube or transmission line antenna (Fig. 11,12) 

4. The long shunted loop antenna (Fig. 13,14) 

Restrictions on segment lengths and wire radii in 
terms of wave length (frequency) were delineated in 
Peference sila tae —irequencies investigated varied from 3 
to 18 MHZ, so a convenient wire radius seemed to be one 
inch (.0254m), while mominal segment length was .5 
meters. Prior experience indicated that segments near 
the excitation point needed to be kept as small as 
possible for an accurate model of the feed region [Ref. 
8], and so, consistent with the restrictions of Reference 


11, the segment lengths onthe antenna models were 


minimized. 


D. SEA HAWK MODEL 

The initial geometry data cards for the HH-60J Sea 
Hawk, the Coast Guard's MRR helicopter, were obtained 
from ESL, a division of TRW. Since this Sea Hawk model 


was developed without the benefit of the IGUANA program 
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Dolphin Model with Long-wire. 


Figumen / 
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Figure 8 Dolphin Model with Long-wire, Top View. 
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Figure. 


Dolphin Model with Tuned Monopole. 


oz 
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Figure 10 Dolphin Model with Tuned Monopole, 
Top View. 
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Dolphin Model with Transmission Line. 


FIGurem a 
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Figure 12 Dolphin Model with Transmission Line, 
Top View. 


Eps, 
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Dolphin Model with Long Shunted Loop. 


Figure sls 
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Figure 14 Dolphin Model VithmEonicgmonunked Loop), 
Top View. 


ce 


it tended to be a bit less complex than the Dolphin 
model. The data cards were input into IGUANA and the 
geometry was modified to include a horizontal stabilizer 
and a more dense vertical tail. 

Similarly, wire models were developed for each of the 


Sea Hawk's HF antennas. They were: 


i & — 


1. The original long-wire configuration (Fig. 15,16) 
2. Navy placement of the Collins 437R-2 (Fig. IN dite} 
3. CG placement of the Collins 437R-2 (i073 o 
4. The tube or transmission line antenna (Fig. 21,22) 
When the Sea Hawk model was run at frequencies’ below 
13 MHZ with the original long-wire antenna model attached 
the code was unable to model the currents accurately. 
Negative input impedance and negative radiated power were 
observed. Initially, it was thought that shortening the 
segments on the helicopter body to more closely match the 
antenna segment length would help, but this correction 
proved ineffective. Large wire radius jumps at junctions 
have been known to cause the same problem [Refs. 8, 14], 
but all wires in this model were equal in radius. 
Finally it was noted by G. J. Burke that the NEC code has 
some limitations in modeling electrically small antennas 
in the vicinity Of Loops (Ret. 15]. In this case the 
loops were formed by the wire grid making up the 


helicopter body. The loop currents at low frequencies 
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Figure 15 Sea Hawk Model with Long-wire. 
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Figure 16 Sea Hawk Model with Long-wire, Top View. 
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Figure 17 Sea Hawk Model with Navy Tuned Monopole. 
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Figure 18 Sea Hawk Model with Navy Tuned Monopole, 
Top View. 
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Sea Hawk Model with CG Tuned Monopole. 


Figure 19 
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Figure 20 Sea Hawk Model with CG Tuned Monopole, 
Top View. 
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Figure 21 Sea Hawk Model with Transmission Line. 
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Figure 22 Sea Hawk Model with Transmission Line, 
Top View. 
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became proportional to 1/f£ while the antenna current was 
proportional to £ which was clearly wrong. The interac- 
tion matrix for the loops became ill-conditioned at the 
lower frequencies. Mr. Burke observed that this problem 
could ~ be minimized by spacing the antenna further from 
Em@e loops. Indeed, by moving the antenna as ee 6 
menes to 16 inches trom the aircraft skin the code 


provided accurate results. [Ref. 15] 


foeeeveC RUNS 

The NEC code computes the currents resulting from an 
applied excitation. The RF current distribution must 
meet the boundary condition that axial components) of 
electric fields must go to zero along each wire. The 
excitation used in this’ study takes the form of an 
applied voltage at the antenna feed point which becomes a 
non-zero source field at the sinaren segment of wire across 
the feed point with a zero excitation elsewhere on the 
structure. The currents are computed by NEC as described 
earlier, and finally radiation patterns are tabulated. 

Individual NEC runs were made for each helicopter 
model at Coast Guard air-to-ground frequencies of 3.123, 
5.696, and 8.984 MHZ as well as at Naval Air Test Center 


frequencies of 4.040, 7.645, 13.974, and 18.100 MHZ. For 
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each run the matrix for the helicopter itself was calcu- 
lated as a Numerical Green's Function (NGF) partitioned 
matrix solution and recalled for use with the various 
antenna models. This procedure allowed multiple 
radiation patterns. t0 _ be (ol lected ipoigo ae antenna 
configuration at a specified frequency with one run ina 
fraction of the CPU time otherwise required. Even so, 
each run required 30 to 45 minutes of CPU time (IBM 
3707/3038 It was discovered that the NGF was too large 
to be stored on the users own disk, and that spooling the 
file to and from the reader (main frame storage) cost 
more money than the calculation of the NGF itself. 
Consequently, the NGF was re-calculated for each run. 
Bach model was validated using the code's average 
gain calculation. This was a performance criteria based 
on volumetric pattern integration and has been Known to 
be an excellent self-validation Elayo) i (Ref. roa 
Correlation of the NEC horizontal plane radiation 
patterns with actual antenna test range data was also 


performed. 
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PV= Reels 


A. GENERAL 

NEC free space radiation patterns were obtained for 
each helicopter/antenna configuration at frequencies of 
Seeeeeee wee O40, 5.696, 7.645,°8.984,°13.974,, and 18.1 MHZ. 
Four cuts were taken for each configuration at each 
Frequency: 


1. Horizontal plane, theta = 90 degrees 


2. Elevation 64 degrees above horizontal, theta = 26 
degrees 
3. Vertical plane, nose to tail, phi = 0 degrees 


4. Vertical plane, offset, phi = 45 degrees 

Vertically and horizontally polarized gains as_ well 
as ‘total Gain were plotted relative to isotropic signal 
levels in decibels (dBI). Patterns at frequencies above 
10 MHZ were included solely to compare the NEC output 
with test range data since NVIS propagation required use 
of the Bie ccx. end of the HF spectrum (2 to 10 £xMHZ). 
Vertical plane plots were included only as a matter of 
interest. Sample radiation pattern plots have been shown 
in Figures 23 through 26. 

Comparison of horizontal plane radiation patterns 


with antenna test range data revealed satisfactory 


correlation for the horizontally polarized gains. The 
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NEC generated vertically polarized gain patterns were 
much stronger than the test range data. This was 
believed to be because the test range data was not 
corrected for the surface wave contribution (Refs. 1, 2, 
16]. The shape of the NEC generated vertically polarized 
gain patterns corresponded well with test range data, as 
did the relative improvement or decrement in ee from 
long-wire to Navy tuned monopole antenna patterns. These 
positive correlations validated the model results insofar 


as relative comparisons of antenna systems were 


concerned. 


B. DOLPHIN 

As discussed earlier, enhanced ground wave coverage 
is achieved by maximizing the vertically polarized 
Signals in the horizontal (azimuthal) plane. Horizontal 
plane cuts showed both loop antennas’ produced low 
vertically polarized gains (-10 to -15 dBI) and were 
quite directional. The long-wire antenna produced better 
vertically polarized aentn (-5 to -10 dBI) but was still 
directional. The manea monopole produced good vertically 
polarized gain (about -2 to -3 dadBI) and was truly omni- 
directional at all frequencies. 

Performance in the NVIS mode was judged by total gain 
in the elevated cut. All four antennas performed well 


(Vile tual ly isotropic) with omni-directional 
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characteristics for each except that the tuned monopole 


Same bited slight directionality. 


C. SEA HAWK 

A problem was discovered with the long-wire antenna 
model on the Sea Hawk at 5.696 MHZ. An apparent model 
resonance was encountered causing gains "EQ, pe 
Significantly inflated while pattern shapes appeared to 
be correct. Model resonance has been encountered in the 
past [Ref. 8], but with different manifestations. This 
problem was not encountered at the adjacent test 
frequencies of 4.040 and 7.645 MHZ, nor was it 
encountered with any other antenna configuration at any 
frequency. The long-wire configuration at 5.696 MHZ was, 
therefore, not reflected in the following discussion. 

As in the modip niin results, the vertically polarized 
gain in the horizontal plane cut of the loop antenna was 
always low and was directional at all but one frequency. 
The long-wire and Navy tuned monopole installations had 
vertically polarized gains that typically peaked between 
-5 and OQ dBI but were highly directional. The tuned 
monopole installed as on the Dolphin produced a gain of 
-5.dBI but was truly omni-directional at all frequencies. 

In the NVIS mode the total gains were found to be 
Veeetewry date isotropic levels and omni-directional for 


all antenna configurations except that the Navy tuned 
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monopole installation appeared to produce about +6 dBI 


total gain. 
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V. CONCLUSIONS AND RECOMMENDATIONS 


A. DOLPHIN 

This study proves that the Collins 437R-2 HF Tuned 
Monopole antenna is the correct replacement for the 
Dolphin's troubled long-wire installation. Placement 
seems to be adequate, but further study and modeling 
could be performed to determine whether this location is 


Pauly OpEImMUM. 


B. SEA HAWK 

Based on the candidate antennas addressed in this 
study, an installation of the Collins 437R-2 tuned 
monopole antenna on the Sea Hawk in a configuration 
imiuler to that on the Dolphin is the best course of 
action to enhance HF performance on that aircraft. 
Further study to determine optimum antenna location would 
be useful. Especially important is "model tuning" as 
described in Ref. 7 to determine long-wire performance at 


the Coast Guard's primary air-to-ground frequency of 


5) 19) Joe alg VAR 


C. ADDITIONAL STUDIES 
The modeling done in this study assumes that the 


transmitter and coupler aboard the helicopter can be 
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matched effectively with the candidate antennas at the 
frequencies tested. Follow-on studies could investigate 
the input impedance of these antenna installations’ and 
assess the degree of compatibility with existing matching 
networks. 

Another interesting aspect._to be studied is the 
possible "Rusty Bolt Effect." The possibility exists 
that the method used to "electrically isolate" pieces of 
the airframe, or the composite core itself, being in the 
VIEinneEy of the HF antenna, may cause undesired 
semiconducting effects at junctions and -interfaces. The 
resulting intermodulation products can seriously degrade 
the performance of a variety of avionics. [(Ref. 17] 

Although currently being studied by another 
university, a study and analysis of the antenna test 
range_measurement methods at the Naval Air Test Facility, 
NAS Patuxent River, Maryland, could provide good thesis 
material for a student interested in applying antenna 


theory to a "real life" situation. 


E. SUMMARY 

Accurate electromagnetic models were created via the 
IGUANA program for the Dolphin and Sea Hawk helicopters 
as well as for long-wire, tuned monopole, and shunted- 
loop transmission-line-type antennas. The criteria for 


judging HF system effectiveness was devised from results 
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of the Advanced Prophet program. The models were used as 
input for the NEC program and the resulting radiation 
patterns were analyzed to select the optimum antenna 
configuration which met mission needs for each aircraft. 
If the procedures and techniques for HF system 
modeling presented herein are utilized much time and 


money can be saved when designing.or reconfiguring HF 


systems for optimum performance. 
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H6S IGUANA DATA RUN AT 3.123MHZ ON 8/19/87 





LONG—WIRE ANT, FREE SPACE, HORIZ CUT, THETA=26 





LONG-WIRE ANT, FREE SPACE, VERT CUT, PHiI=0 














CUT, THETA=26 





HGS IGUANA DATA RUN AT 3.123MHZ ON 8/19/87 








COLLINS 437R—2 ANT, FREE SPACE, VERT CUT, PHI=0 





PATTIE A GAIN IH OBI 
aaeananan HORIZONTAL 
ERNE | ERR TO TICAL 


maa CT TSTAL 









ELEVATION ANOLE 





E, VERT CUT, PHI=45 

















H65 IGUANA DATA RUN AT 3.123MHZ ON 8/19/87 


LONG SHUNTED LOOP, FREE SPACE, HORIZ CUT, THETA=90 


















































H65 IGUANA DATA RUN AT 4.040MHZ ON 8/15/87 


LONG SHUNTED LOOP, FREE SPACE, HORIZ CUT, THETA=90 























H65 IGUANA DATA RUN AT 5.696MHi. ON 8/20/87 





LONG—WIRE ANT, FREE SPACE, VERT CUT, PHI=45 












































H65 IGUANA DATA RUN AT 7.645MHZ ON 8/22/87 


LONG—WIRE ANT, FREE SPACE, HORIZ CUT, THETA=26 




















VERT CUT, PHE=45 


FREE SPACE, 

















H6S IGUANA DATA RUN AT 7.645MHZ ON 8/22/87 











LONG SHUNTED LOOP, FREE SPACE, HORIZ CUT, THETA=90 






































ANT, FREE SPACE, HORIZ CU 











H65 IGUANA DATA RUN AT 8.984MHZ ON 8/24/87 


ARMY~—TYPE TUBE ANT, FREE SPACE, HORIZ CUT, THETA=90 





» THETA=26 











H65 IGUANA DATA RUN AT 8.984MKZ ON 8/24/87 


LONG SHUNTED LOOP, FREE SPACE, HORIZ CUT, THETA=90 





H6S IGUANA DATA RUN AT 8.984MbZ ON 8/24/87 








LONG SHUNTED LOOP, FREE SPACE, HORIZ CUT, THETA=26 




















CUT, PHi=0 


ERT 





60 | 
{/ 





ee OR Y 
SWAG 


> 
7 


\\ 
4S 


AI 














STAMHZ ON 8/25/87 
COLLINS 437R—2 ANT, FREE SPACE, VERT CUT, PHi=45 





H65 IGUANA DATA RUN AT 13.974MHZ ON 8/25/87 





ARMY—TYPE TUBE ANT, FREE SPACE, HO.2IZ CUT, THETA=390 





ARMY—TYPE TUBE A 

















LONG SHUNTED LOOP, FREE SPACE, HORIZ CUT, THETA=90 





















































RUN AT 18.1MHZ ON 8/15/87 
» FREE SPACE, VERT CUT, PHI=45 
90 


ARMY—-TYPE TUBE ANT 














VERT CUT, PHi=45 


UNTED LOOP, FREE SPACE, 











CUT, THETA=26 


T, FREE SPACE, HORIZ 












































7 
[=45 


» VERT CUT, PH 





ARMY-TYPE TUBE ANT, 


T 4.040MHZ ON 8/18/87 
LW SPACED 18" FROM A/C, FREE SPACE, HORIZ CUT, THETA=90 









































O40MHZ ON 8/18/87 
EF, VERT CUT, PHI=45 


FREE SPAC 








ARMY—TYPE TUBE ANT, FREE SPACE, 

















LONG—WIRE ANT, FREE SPACE, HORIZ CU 



































H60 IGUANA DATA RUN AT 5.696MHZ ON 8/20/87 


ARMY—TYPE TUBE ANT, FREE SPACE, HORIZ CUT, THETA=90 

















CUT, THETA=26 








H60 IGUANA DATA RUN AT 7.645MHZ ON 8/21/87 
LONG—WIRE ANT, FREE SPACE, VERT CUT, PHI=45 














H60 IGUANA DATA RUN AT 7.645MEZ ON 8/21/87 


CG 437R-2 ANT, FREE SPACE, HORIZ CUT, THETA=26 





AT 7.64SMHZ ON 8/21/87 
CG 437R—2 ANT, FREE SPACE, VERT CUT, PHI=O 

















H60 IGUANA DATA RUN AT 7.64SMHZ ON 8/21/87 


ARMY—TYPE TUBE ANT, FREE SPACE, HORIZ CUT, THETA=26 



























































CUT, THETA=90 


ANT, FREE SPACE, HORIZ 














VERT CUT, PHI=45 
























































CUT, THETA=26 


FREE SPACE, HORIZ 











NAVY 437R—2 ANT, FREE SPACE, HORIZ CUT, THETA=S0 











NAVY 437R—2 ANT, FREE SPACE, VERT CUT, PHE=45 
90 , = 








CUT, THETA=SO 

















H60 IGUANA DATA RUN AT 18.1MHZ ON 8/22/87 


ARMY-TYPE TUBE ANT, FREE SPACE, HOxIZ CUT, THETA=26 











ARMY-TYPE TUBE ANT, FREE SPACE, VERT CUT, PHI=45 
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xxx UNCLASSIFIED *** = 
ADVANCED PROPHET RAYTRACE SYNOPSIS 
DATE: 1/ 1/86 TIME: 09:00 UT ATMOSPHERIC NOISE: YES BWIDTH: 2.800 KHZ 
FRED: 3.1 SSN: 50.0 KP: 1.0 MAN-MADE NOISE: SH SNR REOD: 12.0 DB 
XMTR: HELOL 36- 0- 0N 74-30- 0 WANT: O @ *OMNI* PWR: 100.00 
RCVR: NFOLK 36-40-12 N 76-31-48 W ANT: 144 @ #£$1.5 RANGE: 106.0 NM 
IONOSPHERE: FOE= .4 MHZ FOFl=  .6 MHZ FOFZ= 3.3 
HMF2= 350. KM YMF2=100.0 KM 


NHOP 1 2 ies 0 0 0 
MODE 3000000 3300000 3330000 0000000 0000000 0000000 
ANGLE Woeae 83.10 85.45 00 00 00 
DELAY (MSEC) 2.812 5.22 8.750 -000 -000 000 
LOSS (DB) L0G tie) Tizece 36 120.15 00 00 00 
GAIN TX/RX 0/-10 0/-10 0/-10 0/ 0 0/ 0 0/ Be 
1HZ SNR (DB) 50.58 37.74 30.52: 00 -00 00 
ADJ SNR (DB) 6c oe27 =3290 -00 00 00 
VIR BT1 (KM) 411.06 440.01 447.96 00 00 00 
VIR BT2 (KM) 00 427.13 437.91 00 00 00 
VIR HT3 (KM) -00 00 429.47 -00 00 00 
RAD 
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«xe UNCLASSIFIED *** 

ADVANCED PROPHET RAYTRACE SYNOPSIS 
DATE: 1/ 1/86 TIME: 09:00 UT ATMOSPHERIC NOISE: YES BWIDTH: 2.800 KHZ 
FREQ: 3.1 SSN: 50.0 KP: 1.0 MAN-MADE NOISE: SH SNR REQD: 12.0 DB 
XMTR: HELO2 36- 0 ON 72-30- 0 WANT: O @ *OMNI* PWR: 100.00 
RCVR: NFOLK 36-40-12 N 76-31-48 W ANT: 144 @ 1.5 RANGE: 198.9 NMI 
IONOSPHERE: FOE= .4 MHZ FOFI=  .6 MHZ FOF2 3.3 

HMF2= 350. KM YMF2=100.0 KM 


NHOP 1 2 3 0 0 0 
MODE 3000000 3300000 3330000 0000000 0000000 0000000 
ANGLE 61.85 UG2o> cio 00 00 .00 
DELAY (MSEC) 2.750 35 (eo7) 8.904 .000 000 .000 
LOSS (DB) oosomerlitecs 119.60 00 00 00 
GAIN TX/RX 0/-10 0/-10 0/-10 0/ 0 0/ 0 0/ 0 
1HZ SNR (DB) eB Ae] Sie 1) 31.04 00 00 00 
ADJ SNR (DB) 16.80 4.30 -3.43 00 00 00 
VIR HT1 (KM) 367.20 436.29 463.46 00 00 00 
VIR HT2 (KM) ~.00 = 414.52 440.88 00 00 00 
VIR HT3 (KM) 00 00 424.89 00 00 00 
RAD 
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4** UNCLASSLFLED *%% 
ADVANCED PROPHET RAYTRACE SYNOPSIS 
DATE: 1/ 1/86 TIME: 09:00 UT ATMOSPHERIC NOISE: YES BWIDTH: 2.800 KHZ 


FREQ: 3.1 SSN: 50.0 KP: 1.0 MAN-MADE NOISE: SH SNR REQD: 12.0 DB 
XMTR: HELOd 36- O- ON 76- O- O W ANT: O @ *OMNI* PWR: 100.00 
RCVR: NFOLK 36-40-12 N 76-31-48 W ANT: 182 @ *OMNI* RANGE: 47.7 NMI 
IONOSPHERE: FOE= -4 MHZ FOFI1= -6 MHZ FOFZ= 3.3 


Boe 2Z= 390. AM YMF2=100.0 AM 


~ 


NHOP 1 2 0 0 0 0 
MODE 3000000 3300000 0000000 0000000 0000000 0000060 
ANGLE 83.70 86.85 ~O00 00 00 00 
DELAY (MSEC) 2.845 >. m26 ~000 -000 -000 000 
LOSS (DB) 100.83 Li2ese ~00 ~O0 ~ 00 00 
GAIN TA/RA O/=-+0 0/=-+0 O/ QO Of QO O/ QO O/ OQ 
1HZ SNR‘ DB) 19.97 1.42 00 ~.00 00 ~00 
ADJ SNR(DB) -14.90 -27.06 ~00 00 00 »O0 
Vie HT1( KY) 426.18 432.68 -00 OV 00 ~O0 
VIR HT2( kM) 00 429.01 O00 00 00 » GO 
fork HTSth™) »00 . 00 00 00 ~00 00 
RA> 
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se UNCLASSIFIED *** DATE: 1/1 AT 09:00 UT 
GROUNDWAVE IS FROM HELOL ON: 3.123 MHZ 
RANGE TO RECEIVER NFOLK IS: 106.0 NMI 
TRANSMIT GROUNDWAVE GAIN: .0 dBi 
POLARIZATION: V 
TRANSMIT ANTENNA HEIGHT: 500.0 FEET 
RECEIVE ANTENNA HEIGHT: .0 FEET 
TRANSMITTER POWER: 100.0 WATTS 
REQUIRED BANDWIDTH: 2.8 KHZ 
REQUIRED SIGNAL TO NOISE: 12.0 dB 
TERRAIN: SE 
SURFACE COVER: // 
SURFACE CONDUCTIVITY: .40E+01 MHO/M 
DIELECTRIC: 81.00 
WIND VELOCITY: 25.0 KNOTS 
MANMADE NOISE MODEL: ‘SH 
ATMOSPHERIC NOISE: YES 
CALCULATED GROUNDWAVE LOSS: 83.49 dB 
REQUIRED POWER: 9.009 WATTS 
AVAILABLE POWER: 100.000 WATTS 
MAX RANGE FOR POWER OF 100.000 WATTS: 175.7 NMI 


NOTE: RECEIVE ANTENNA GROUNDWAVE GAIN ASSUMED = 0.0 dBi 


GW> 
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“xX UNCuASO Lr ey ~~ DATE: 1/ 1 AT 09:00 UT 


GROUNDWAVE IS FROM HELO2 ON: Be.23 MHZ 
RANGE TO RECEIVER NFOLK IS: 198.9 NMI 
TRANSMIT GROUNDWAVE GAIN: -O dBi 
POLARIZATION: V 
TRANSMIT ANTENNA HEIGHT: 900.0 FEET 
RECEIVE ANTENNA HEIGHT: -Q FEET 
TRANSMITTER POWER: 100.0 WATTS 
REQUIRED BANDWIDTH: 2.8 KHZ 
REQUIRED SIGNAL TO NOISE: a {0) (545) 
TERRAIN: SE 
SURFACE COVER: // 
SURFACE CONDUCTIVITY: .40E+01 MHO/M 
DIELECTRIC: 81.00 
WIND VELOCITY: 25.0 KNOTS 
MANMADE NOISE MODEL: SH 
ATMOSPHERIC NOISE: YES 
CALCULATED GROUNDWAVE LOSS: 97.03 dB 
ee REQUIRED POWER: 202.093 WATTS 
AVAILABLE POWER: 100.000 WATTS 
** SURFACE WAVE PROPAGATION TO RECEIVER NFOLK UNLIKELY ** 
MAX RANGE FOR POWER OF 100.000 WATTS: 176.0 NMI 
NOTE: RECEIVE ANTENNA GROUNDWAVE GAIN ASSUMED = 0.0 dBi 
GH> 
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sik UNCLASSIFIED *** 
GROUNDWAVE IS FROM HELO3 ON: 
RANGE TO RECEIVER NFOLK IS: 


DATE: 1/1 AT 09:00 UT 


3.123 MHZ 
106.0 NMI 


TRANSMIT GROUNDWAVE GAIN: .O dBi 
POLARIZATION: H 
TRANSMIT ANTENNA HEIGHT: 500.0 FEET 
RECEIVE ANTENNA HEIGHT: -0 FEET 
TRANSMITTER POWER: 100.0 WATTS 
REQUIRED BANDWIDTH: 2.0 KHZ 
REQUIRED SIGNAL TO NOISE: 12.0 dB 
TERRAIN: SE 
SURFACE COVER: by 
SURFACE CONDUCTIVITY: -40E+01 MHO/M 
DIELECTRIC: 81.00 
WIND VELOCITY: 25.0 KNOTS 
MANMADE NOISE MODEL: SH 
’ ATMOSPHERIC NOISE: YES 
CALCULATED GROUNDWAVE LOSS: 192.16 dB 
REQUIRED POWER: 100.000 WATTS 
AVAILABLE POWER: 100.000 WATTS 


** SURFACE WAVE PROPAGATION TO RECEIVER NFOLK UNLIKELY ** 
SIGNIFICANT IMPROVEMENT MAY BE GAINED WITH VERTICAL POLARIZATION. 
MAX RANGE FOR POWER OF 100.000 WATTS: 10.8 NMI 
NOTE: RECEIVE ANTENNA GROUNDWAVE GAIN ASSUMED = 0.0 dBi 
GW> 
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SeseCT DISPLAY OPTION ( A/F/P/E 


GWoa 


**x UNCLASSIFIED *#%** Date) 1 At.) 09°00 UT 
‘GROUNDWAVE IS FROM HELO4 ON: 3.123 MHZ 
RANGE TO RECEIVER NFOLK IS: 47.7 NMI 
TRANSMIT GROUNDWAVE GAIN: .O dBi 
POLARIZALION: V 
TRANSMIT ANTENNA HEIGHT: 500.0 FEET 
RECEIVE ANTENNA HEIGHT: .0 FEED 
TRANSMITTER POWER: 100.0 WATTS 
REQUIRED BANDWIDTH: 2.8 KHZ 
REQUIRED SIGNAL TO NOISE: 120° daEB 
TERRAIN: SE 
SURFACE COVER: 1a) 
SURFACE CONDUCTIVITY: »40E+01 MHO/M 
DIELEGIRIC: 81.00 
WIND VELOCITY: 25.0 KNOTS 
MANMADE NOISE MODEL: SH 
a ATMOSPHERIC NOISE: YES 
CALCULATED GROUNDWAVE LOSS: 72.76 dB 
REQUIRED POWER: .766 WATTS 
AVAILABLE POWER: 100.000 WATTS 
MAX RANGE FOR POWER OF 1OO,OG0 WATTS: 175.5 NMI 
NOTE: RECEIVE ANTENNA GROUNDWAVE GAIN ASSUMED = 0.0 dBi 
ew > 
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RAAGUNCUAD OLE LOD aa DATE: 


1/1 AT 09:00 UT 


GROUNDWAVE IS FROM HELO1 ON: 5.696 MHZ 
RANGE TO RECEIVER NFOLK IS: 106.0 NMI 
TRANSMIT GROUNDWAVE GAIN:: .0 dBi 
POLARIZATION: V 
TRANSMIT ANTENNA HEIGHT: 500.0 FEET 
RECEIVE ANTENNA HEIGHT: .0 FEET 
TRANSMITTER POWER: 100.0 WATTS 
REQUIRED BANDWIDTH: 2.8 KHZ 
REQUIRED SIGNAL TO NOISE: 12.0 dB 
TERRAIN: SE 
SURFACE COVER: // 
SURFACE CONDUCTIVITY: .40E+01 MHO/M 
DIELECTRIC: 81.00 
WIND VELOCITY: 25.0 KNOTS 
MANMADE NOISE MODEL: SH 
ATMOSPHERIC NOISE: YES 
CALCULATED GROUNDWAVE LOSS: 93.53 dB 
REQUIRED POWER: 17.655 WATTS 
AVAILABLE POWER: 100.000 WATTS 
MAX RANGE FOR POWER OF 100.000 WATTS: 145.5 NMI 


NOTE: RECEIVE ANTENNA GROUNDWAVE GAIN ASSUMED = 0.0 dBi 


Gw> 
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**x% UNCLASSIFIED *** DATE: 1/1 AT 09:00 UT 


GROUNDWAVE IS FROM HELO2 ON: 5.696 MHZ 
RANGE TO RECEIVER NFOLK JIS: 198.9 NMI 
TRANSMIT GROUNDWAVE GAIN: -O dBi 
POLARIZATION: V 
TRANSMIT ANTENNA HEIGHT: 500.0 FEET 
RECEIVE ANTENNA HEIGHT: -O FEET 
TRANSMITTER POWER: 100.0 WATTS 
REQUIRED BANDWIDTH: 2.8 KHZ 
REQUIRED SIGNAL TO NOISE: 12.0° dB 
TERRAIN: SE 
SURFACE COVER: // 
SURFACE CONDUCTIVITY: -40E+01 MHO/M 
DIELECTRIC: 81.00 
WIND VELOCITY: 25.0 KNOTS 
MANMADE NOISE MODEL: SH 
ATMOSPHERIC NOISE: YES 
CALCULATED GROUNDWAVE LOSS: 110.23 dB 
aoe REQUIRED POWER: 821.762 WATTS 
AVAILABLE POWER: 100.000 WATTS 
** SURFACE WAVE PROPAGATION TO RECEIVER NFOLK UNLIKELY ** 
MAX RANGE FOR POWER OF 100.000 WATTS: 145.7 NM 
NOTE: RECEIVE ANTENNA GROUNDWAVE GAIN ASSUMED = 0.0 dBi 
GW> 
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SELECT DISPLAY OPTION ( A/F/P/E 
GWoa 
**x* UNCLASSIFIED **% 


MAX RANGE FOR POWER OF 
NOTE: 
GW> 


DATE: 
GROUNDWAVE IS FROM HELO4 ON: 
RANGE TO RECEIVER NFOLK Is: 
TRANSMIT GROUNDWAVE GAIN: 

' POLARIZATION: 

TRANSMIT ANTENNA HEIGHT: 
RECELVE ANTENNA HEIGHT: 
TRANSMITTER POWER: 

REQUIRED BANDWIDTH: 

REQUIRED SIGNAL TO NOISE: 
TERRAIN: 

SURFACE COVER: 

SURFACE CONDUCTIVITY: 
DIELECTRIC: 

WIND VELOCITY: 

MANMADE NOISE MODEL: 

— ATMOSPHERIC NOISE: 
CALCULATED GROUNDWAVE LOSS: 
REQUIRED POWER: 

AVAILABLE POWER: 

100.000 WATTS: 


RECEIVE ANTENNA GROUNDWAVE GAIN ASSUMED 
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**% UNCLASSIFIED **% 
ADVANCED PROPHET RAYTRACE SYNOPSIS 
Boe. 1/ 1/86 TIME: 18:00 UT ATMOSPHERIC NOISE: YES BWIDTH: 2.800 KHZ 


FREQ: 3-1 SSN: 930.0 KP: 1.0 MAN-MADE NOISE: SH SNR REQD: 12.0 DB 
AMTR: HELO4 36- O- QO N 76- O- O W ANT: O @ *OMNI* PWR: 100.00 
RCVR: NFOLK 36-40-12 N 76-31-48 W ANT: 182 @ *OMNI* RANGE: 47.7 NMI 
IONOSPHERE: FOE= 3.0 MHZ FOFI= 4.2 MHZ FOFZ= 8.6 

HMF2= 341. AM YMF2=119.6 KM 
NHOP 1 Ve 4 0 0 0 
MODE 1000000 2200000 2222000 0000000 0000000 0000000 
ANGLE 6330 82.85 86.40 ~00 00 ~00 
DELAY (MSEC ) »856 2. £36 +.816 »000 » O00 .000 
LOSS( DB) 133.60 189.60 Zila 00 00 » O00 
GAIN TA/RX 0/-18 Cig 20) 0/-40 O/ 0 0O/ QO O/ O 
1HZ SNR(DB) 9. 3i@ -68.70 EXCESSIVE 00 00 00 
ADJ SNR( DB) rae ack i -103.17 EXCESSIVE ~00 00 00 
VIR HT1(KM) 120.40 Moen 03 180. 9s O00 00 00 
VIR HT2( KM) 00 181.47 180.74 .00 00 00 
VIR HT3(KM) -00 00 180.59 ma. ~00 00 
RA> 
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SELECT DISPLAY OPTION (Aes 


GwWoa 





*x* UNCLASSIFIED *** DAE l/l ™ Al els. Vor 
GROUNDWAVE IS FROM HELO4 ON: sei MHZ 
RANGE TO RECEIVER NFOLH IS: 47.7 NMI 
TRANSMIT GROUNDWAVE GAIN: a(6) eles 
POLAREZAT EG. V 
TRANSMIT ANTENNA HEIGHT: S00. URE ERED 
RECEIVE ANTENNA HEIGHT: 0 FEET 
TRANSMITTER POWER: 100.0 WATTS 
REQUIRED BANDWIDTH: 2.8 KHZ 
REQUIRED SIGNAL TO NOISE: 2. 0 aB 
TERRAIN: SE 
SURFACE COVER: IEW 
SURFACE CONDUCTIVITY: +Q0E+O1 MHO/M 
DIELECTRIC: §1.00 
WIND VELOCITY: 25.0 KNOTS 
MANMADE NOISE MODEL: SH 
ATMOSPHERIC NOISE: YES 
CALCULATED GROUNDWAVE LOSS: ado «as 
REQUIRED POWER: -681 WATTS 
AVAILABLE POWER: 100.000 WATTS 
MAX RANGE FOR POWER OF 100.000 WATTS: Ties NMI 
NOTE: RECEIVE ANTENNA GROUNDWAVE GAIN ASSUMED = 0.0 dBi 
GW> 
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ADVANCED PROPHET RAYTRACE SYNOPSIS 
1/ 1/86 TIME: 18:00 UT ATMOSPHERIC NOISE: YES BWIDTH: 
50.0 KP: 1.0 MAN-MADE NOISE: SH SNR REQD: 12.0 DB 


DATE: 
FRED oe 
XMTR: HELOL 
RCVR: NEOLK 
TONOSPHERE: 


NHOP 

MODE 

ANGLE 

DELAY (MSEC) 
LOSS (DB) 
GAIN TX/RX 
1HZ SNR (DB) 
ADJ SNR (DB) 
VIR HT1 (KM) 
VIR BT2 (KM) 
VIR HT3 (KM) 
RAD 


SSN: 
36- 0 ON 74-30- 0 W ANT: 
36-40-12 N 76-31-48 W ANT: 144 @ 
FOE= 3.0 MHZ FOFi= 
HMF2= 341. KM YMF2=119.5 KM 


i 
3000000 
712.40 
2-262 
121.19 
ysl 
36.18 
Lot 
326.01 


-00 


2 
3300000 
80.95 
4.368 
147.74 
0/-13 


-26 .83 
325 .04 
825.15 

00 
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2.800 KHZ 


QO @ *OMNI* PWR: 100.00 

1.5 RANGE: 106.0 NM 
4.2 MHZ FOFZ= 8.6 
3 0 0 0 

3330000 0000000 0000000 0000000 
83.95 -00 .00 .00 
6.511 .000 .000 .000 
170.09 -00 -00 .00 
0/-13 0/ 0 0/ 0 0/ 0 
ae ee -00 -00 -00 
~49.19 -00 -00 .00 
324.96 -00 -00 -00 
325.43 .00 -00 -00 
325.91 .00 .00 .00 
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wk& UNCLASSIFIED 


ADVANCED PROPHET RAYTRACE SYNOPSIS 


DATE: 1/ 1/86 TIME: 18:00 UT ATMOSPHERIC NOISE: YES BWIDTH: 2.800 KHZ 


VUIGR Voy 
XMTR: HELO2 
RCVR: NEOLK 
IONOSPHERE: 


NHOP 

MODE 

ANGLE 

DELAY (MSEC) 
LOSS (DB) 
GAIN TX/RX 
1HZ SNR (DB) 
ADJ SNR (DB) 
VIR HT1 (KM) 
VIR HT2 (KM) 
VIR HT3 (KM) 
RAD 


SSN: 
36- 0- ON 72-30- O W ANT: 
36-40-12 N 76-31-48 W ANT: 144 @ 
FOE= 3.0 MHZ FOFI= 
HMF2= 342. KM YMF2=119.5 KM 


1 


3000000 


5S )etehe) 
22350 
125.02 
0/ -8 
35.06 
=o9 
336.82 
00 
00 


2 


3300000 


73.45 
4.505 
148 .93 
0/-11 
8.44 
-26 .03 
926225 
326.41 
00 
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50.0 KP: 1.0 MAN-MADE NOISE: SH SNR REQD: 12.0 DB 


0 @ *OMNI* PWR: 100.00 
1.5 RANGE: 198.9 NMI 
4.2 MHZ FOF2Z= 8.6 
3 0 0 0 
3330000 0000000 0000000 0000000 
78.80 .00 .00 -00 
6.605 .000 -000 .000 
MOeTt -00 .00 .00 
0/-11 0/ 0 0/ 0 0/ 0 
13.34 .00 .00 .00 
~-47.81 .00 .00 .00 
325.87 -00 -00 -00 
325.96 .00 -00 00 
326.06 .00 .00 00 
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K*AX UNCLASSIFIED *%* 


DATE: 
FREQ: 
XMTR: HELO4 
Reh we Olen 
LONOSPHERE : 


Sq fi 


NHOP 

MODE 

ANGLE 

DELAY (MSEC ) 
LOSS (DB) 
GAIN TX/RX 
1HZ SNR( DB) 
ADJ SNR(DB) 
VIR HT1 ¢k*) 
VIR HT2(hM) 
VIR HT3(KM) 
RA> 


l/ 1/86 Tine: 
Sone 
36- 
36-40-12 
POrR= 
HMF2= 


50. 
oC 


3.0 
341 


1 


3000000 


81.85 
(o> A 
LIS 235 
O0/-40 
8.28 
-26.19 
g20eUg 
00 
~00 


Q 
N 
N 
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ADVANCED PROPHET RAYTRACE SYNOPSIS 
18:00 UT ATMOSPHERIC NOISE: 
MAN-MADE NOISE: 


SH 


O @ *OMNI* PWR: 
@ *OMNI* RANGE: 
FORZ= 


Kee 
T6- O- O W ANT: 
76-31-48 W ANT: 182 
MHZ FOFIl= 4268 MHZ 
KM YMF2=119.6 KM 
2 0 
3300000 0000000 
85.90 ~00 
436 ~000 
147.35 LUO 
Q/-40 O/ 0 
~19.23 ~ O00 
-53.70 ~ 00 
324.51 ~ 00 
3258035 ~00 
~00 ~00 


0 
0000000 


8.6 


0 


YES BWIDTH: 
SNR REQD: 


0000000 


.00 


-000 


O/ 


OG 

0 
00 
00 
00 
-00 
~00 


2.800 KHZ 


12.0 BE 
100.00 
47.4 NMI 


0 
0000000 
00 
»Q00 
.00 


—_ 


*x*x UNCLASSIFIED *** DATE: 1/ 1 AT 18:00 UT 


GROUNDWAVE IS FROM HELO1L ON: 5.696 MHZ 
RANGE TO RECEIVER NFOLK IS: 106.0 NMI 
TRANSMIT GROUNDWAVE GAIN: .O dBi 
POLARIZATION: V 
TRANSMIT ANTENNA HEIGHT: 500.0 FEET 
RECEIVE ANTENNA HEIGHT: .Q FEET 
TRANSMITTER POWER: 100.0 WATTS 
REQUIRED BANDWIDTH: 2.8 KHZ 
REQUIRED SIGNAL TO NOISE: 12.0 dB 
TERRAIN : SE 
SURFACE COVER: // 
SURFACE CONDUCTIVITY: -40E+01 MHO/M 
DIELECTRIC: 81.00 
WIND VELOCITY: 25.0 KNOTS 
MANMADE NOISE MODEL: SH 
ATMOSPHERIC NOISE: YES 
CALCULATED GROUNDWAVE LOSS: 93.53 dB 
REQUIRED POWER: 15.392 WATTS 
AVAILABLE POWER: 100.000 WATTS 
MAX RANGE FOR POWER OF 100.000 WATTS: 148.8 NMI 


NOTE: RECEIVE ANTENNA GROUNDWAVE GAIN ASSUMED = 0.0 dBi 
GD 
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wee UNCLASSIFIED *** DATE: 1/ 1 AT 18:00 UT 


RE peeriee eee SE: 1983 Ne ‘an 
me 5.3 


-0 dB 
V 
TRANSMIT ANTENNA HEIGHT: 500.0 FEET 
RECEIVE ANTENNA HEIGHT: .0 FEET 
TRANSMITTER POWER: 100.0 WATTS 
REQUIRED BANDWIDTH: 2.8 KHZ 
REQUIRED SIGNAL TO NOISE: 12.0 dB 
TERRAIN: SE 
SURFACE COVER: // 
SURFACE CONDUCTIVITY: .40E+01 MHO/M 
DIELECTRIC: 81.00 
WIND VELOCITY: 25.0 KNOTS 
MANMADE NOISE MODEL: SH 
ATMOSPHERIC NOISE: YES 
CALCULATED GROUNDWAVE LOSS: 110.23 dB 
REQUIRED POWER: 721.029 WATTS 
AVAILABLE POWER: 100.000 WATTS 
** SURFACE WAVE PROPAGATION TO RECEIVER NFOLK UNLIKELY ** 
MAX RANGE FOR POWER OF 100.000 WATTS: 148.8 NMI 


pe RECEIVE ANTENNA GROUNDWAVE GAIN ASSUMED = 0.0 dBi 
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SELECT DISPLAY OPTION ( A/F/P/E 
GWoa 


*** UNCLASSIFIED #%% DATE: eee 16:00 Ua 
GROUNDWAVE IS FROM HELOd ON: 2.096 MHZ 
RANGE TO RECEIVER NFOLh IS: 47.7 NMI 
TRANSMIT GROUNDWAVE GAIN: ~-O ABi 
POLARIZATION: Vv 
TRANSMIT ANTENNA HEIGHT: 200. Ue net 
RECEIVE ANTENNA HEIGHT: -O FEET 
TRANSMITTER POWER: 100.0 WATTS 
REQUIRED BANDWIDTH: 2.8 KHZ 
REQUIRED SIGNAL TO NOISE: 12.0 dB 
TERRAIN: SE 
SURFACE COVER: Wik 
SURFACE CONDUCTIVITY : ~t0E+01 MHO/M 
PPELECTRIC: 81.00 
wIND VELOCITY: 23.0 KNOTS 
MANMADE NOISE MODEL: SH 
ae ATMOSPHERIC NOISE: YES 
CALCULATED GROUNDWAVE LOSS: Josh oie Colls: 
REQUIRED POWER: »-611 WATTS 
AVAILABLE POWER: 100.000 WATTS 
MAX RANGE FOR POWER OF 100.000 WATTS: 148.8 NMI 
NOTE: RECEIVE ANTENNA GROUNDWAVE GAIN ASSUMED = 0.0 dBi 
GW> 
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xxx UNCLASSIFIED *** DATE: 1/ 1 AT 18:00 UT 


GROUNDWAVE IS FROM HELO] ON: 8.984 MHZ 
RANGE TO RECEIVER NEOLK IS: 106.0 NMI 
TRANSMIT GROUNDWAVE GAIN: .O dBi 
POLARIZATION : V 
TRANSMIT ANTENNA HEIGHT: 500.0 FEET 
RECEIVE ANTENNA HEIGHT: .O FEET 
TRANSMITTER POWER: 100.0 WATTS 
BANDWIDTH: 2.8 KHZ 
REQUIRED SIGNAL TO NOISE: 12.0 dB 
TERRAIN: SE 
SURFACE COVER: // 
SURFACE CONDUCTIVITY: -40E+01 MHO/M 
DIELECTRIC: 81.00 
WIND VELOCITY: 25.0 KNOTS 
MANMADE NOISE MODEL: SH 
ATMOSPHERIC NOISE: YES 
CALCULATED GROUNDWAVE LOSS: 104.59 dB 
REQUIRED POWER: 56.573 WATTS 
AVAILABLE POWER: 100.000 WATTS 
MAX RANGE FOR POWER OF 100.000 WATTS: 115.4 NMI 


NOTE: RECEIVE ANTENNA GROUNDWAVE GAIN ASSUMED = 0.0 dBi 
GW 
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*x® UNCLASSIFIED *** DATE: 1/1 AT 18:00 UT 


m= . 


GROUNDWAVE IS FROM HELO2 CN: 8.984 MHZ 
RANGE TO RECEIVER NFOLK IS: 198.9 NMI 
TRANSMIT GROUNDWAVE GAIN: .O dBi 
POLARIZATION: V 
TRANSMIT ANTENNA HEIGHT: 500.0 FEET 
RECEIVE ANTENNA HEIGHT: .O FEET 
TRANSMITTER POWER: 100.0 WATTS 
REQUIRED BANDWIDTH: 2.8 KHZ 
REQUIRED SIGNAL TO NOISE: 12.0 dB 
TERRAIN: SE 
SURFACE COVER: // 
SURFACE CONDUCTIVITY: .40E+01 MHO/M 
DIELECTRIC: 81.00 
WIND VELOCITY: 25.0 KNOTS 
MANMADE NOISE MODEL: SH 
ATMOSPHERIC NOISE: YES 
CALCULATED GROUNDWAVE LOSS: 127.36 dB 
REQUIRED POWER: 10712.970 WATTS 
AVAILABLE POWER: 100.000 WATTS 
~— ** SURFACE WAVE PROPAGATION TO RECEIVER NFOLK UNLIKELY ** 
MAX RANGE FOR POWER OF 100.000 WATTS: 115.4 NMI 
NOTE: RECEIVE ANTENNA GROUNDWAVE GAIN ASSUMED = 0.0 dBi 
GD 
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SELECT DISPLAY OPTION ( A/F/P/E 
GWoa 


**4 UNCLASSIFIED **% 


RANGE TO RECEIVER 


REQUIRED SIGNAL TO 


MANMADE NOISE 


MAX RANGE FOR POWER OF 
NOTE: 
GwW> 


| DATE: 
-GROUNDWAVE IS FROM HELO4 ON: 
NFOLK IS: 
TRANSMIT GROUNDWAVE GAIN: 
POLARIZATION: 

TRANSMIT ANTENNA HEIGHT: 
RECEIVE ANTENNA HEIGHT: 
TRANSMITTER POWER: 
REQUIRED BANDWIDTH: 
NOISE: 
TERRAIN: 

SURFACE COVER: 
SURFACE CONDUCTIVITY :. 
DIELECTRIC: 

WIND VELOCITY: 

MODEL: 
ATMOSPHERIC NOISE: 
CALCULATED GROUNDWAVE LOSS: 
REQUIRED POWER: 

AVAILABLE POWER: 

100.000 WATTS: 
RECEIVE ANTENNA GROUNDWAVE GAIN ASSUMED 
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*#ex UNCLASSIFIED *** 
ADVANCED PROPHET RAYTRACE SYNOPSIS 


DATE: 7/ 1/86 TIME: 09:00 UT ATMOSPHERIC NOISE: YES BWIDTH: 2.800 KHZ 
FREQ: 3.1 SSN: 50.0 KP: 1.0 MAN-MADE NOISE: SH SNR REOQD: 12.0 DB 
XMTR: HELO2 36- 0- ON 72-30- OW ANT: 0 @ *OMNI* PUR: 100.00 
RCVR: NFOLK 36-40-12 N 76-31-48 WANT: 144@ 1.5 RANGE: 198.9 NMI 
IONOSPHERE: FOE= 1.1 MHZ FOFI= 1.6 MHZ FOF2= 4.4 

HMF2= 350. KM = YMF2=102.5 KM 
NHOP 1 2 3 0 0 0 
MODE 3000000 3300000 3330000 0000000 +0000000 += 0000000 
ANGLE 58.55 73.45 78.90 .00 .00 .00 
DELAY(MSEC) 2.464 4.520 6.680 .000 .000 .000 
LOSS (DB) 100.75 111.05 117.88 .00 .00 .00 
GAIN TX/RX  0/-10 0/-10 O/-10 Of 0 OO 0 Of O 
1HZ SNR(DB) 47.14 «= (36.84 =~ 30.01 .00 .00 .00 
ADJ SNR(DB) 12.67 2.37 4.46 .00 .00 .00 
VIR BTL(KM) 318.94 327.98 + 330.85 .00 .00 .00 
VIR 8T2 (KM) 00 324.94 328.79 .00 .00 .00 
VIR HT3 (KM) .00 00 326.92 .00 .00 .00 
RAD 
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AXA UMCLASSIFIED *** 

ADVANCED PROPHET RAYTRACE SYNOPSIS 
DATE: 7/ 1/86 TIME: 09:00 UT ATMOSPHERIC NOISE: YES BWIDTH: 2.800 KHZ 
FREQ: 3.1 SSN: 50.0 KP: 1.0 MAN-MADE NOISE: SH SNR REQD: 12.0 DB 
XMTR:. HELOL 36-0-0N 74-30- 0 WANT: O @ *OMNI* PWR: 100.00 
RCVR: NEOLK 36-40-12 N 76-31-48 W ANT: 144 @ 1.5 RANGE: 106.0 NMI 
TONOSPHERE: FOE= 1.1 MHZ FOFI= 1.6 MHZ FOF2Z= 4.4 

HMF2= 350. KM YMF2=102.4 KM 


NHOP d. 2 3 0 0 0 
MODE 3000000 3300000 3330000 0000000 0000000 0000000 
ANGLE 712.30 81.05 84.00 00 00 00 
DELAY (MSEC) 2.201 4.421 6.603 000 000 000 
LOSS (DB) og .20 110.94 117.98 -00 00 00 
GAIN TX/RX 0/-10 0/-10 0/-10 0/ 0 0/ 0 0/ 0 
1HZ SNR (DB) 43 .66 $5.99 29391 00 00 00 
ADJ SNR (DB) 14.19 2.48 4.56 00 00 00 
VIR HT1 (KM) 324.54 329.30 330.22 00 00 00 
VIR HT2 (KM) -OUMEMSaic09 329.43 00 00 00 
VIR BT3 (KM) 00 00 328.08 -00 00 00 
RAD 
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b> @ 3 


Pee. «6f/ «61/786 C€6UTEME: (O93 00MUT «ATHESPHERIC NOISE: YES BWIDTH: 
FREQ: 3.0 SSN: 50.0 KP: 1.0 MAN-MADE NOISE: SH SNR REQD: 
XMTR: HELOd 36- O- O N- 7*6- O- O W ANT: O @ *OMNI* PWR: 
RCVR: NFOLK 36-40-12 N 76-31-48 W ANT: 182 @ *OMNI*® RANGE: 
IONOSPHERE: FOE= 1.1 MHZ FOFI= 1.6 MHZ FOF2Z= 4.4 

HMEZ= 350. KM YMF2=102.3 KM 
NHOP l é 0 0 0 
MODE 3000000 3300000 0000000 0000000 0000000 
ANGLE 81.80 $3.90 00 00 ~O0 
DELAY (MSEC) 2. La® 4.318 ~ 000 ~ 0900 EBOOKS, 
LOSS( DB) 98.37 110.40 ~00 00 ~GO 
GAIN TX/RX O/-+40 0/-40 O/ QO O/ OO O/ O 
Bae SNK( DB) 18.81 6.78 00 00 00 
ADJ SNR( DB) -15.66 -27.69 » 00 ~ O00 00 
VIR HT1(hM) Jac. Je 324.06 00 »00 » 00 
mee HITZ (kM) 00 B2oo 00 »00 .00 
eek HIT 3( KM 00 00 00 00 00 
RA> 


UNCLASSIFIED **% 
ADVANCED PROPHET RAYTRACE SYNOPSIS 
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2.800 KHZ 
12.0 DB 
100.00 
t7.7 NMI 


~ 


U 
0000000 


wx UNCLASSIFIED *** DATE: 7/ 1 AT 09:00 UT 


GROUNDWAVE IS FROM HELOL ON: 3.123 MHZ 
RANGE TO RECEIVER NFOLK IS: 106.0 NMI 
TRANSMIT GROUNDWAVE GAIN: .0 dBi- 
POLARIZATION: V 
TRANSMIT ANTENNA HEIGHT: 500.0 FEET 
RECEIVE ANTENNA HEIGHT: .O FEET 
TRANSMITTER POWER: 100.0 WATTS 
BANDWIDTH: 2.8 KHZ 
REQUIRED SIGNAL TO NOISE: 12.0 dB 
TERRAIN: SE 
SURFACE COVER: // 
SURFACE CONDUCTIVITY: -A0E+01 MHO/M 
DIELECTRIC: 81.00 
WIND VELOCITY: 25.0 KNOTS 
MANMADE NOISE MODEL: SH 
ATMOSPHERIC NOISE: YES 
CALCULATED GROUNDWAVE LOSS: 83.49 dB 
REQUIRED POWER: 14.832 WATTS 
AVAILABLE POWER: 100.000 WATTS 
MAX RANGE FOR POWER OF 100.000 WATTS: 160.1 NMI 
NOTE: RECEIVE ANTENNA GROUNDWAVE GAIN ASSUMED = 0.0 dBi 
G 
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**x® UNCLASSIFIED *** DATE: 7/ 1 AT 09:00 UT 


GROUNDWAVE IS FROM HELO2 ON: 3.123 MHZ 
RANGE TO RECEIVER NFOLK IS: 198.9 NMI 
TRANSMIT GROUNDWAVE GAIN: .O0 dBi ~ 7 
POLARIZATION: V 
TRANSMIT ANTENNA HEIGHT: 500.0 FEET 
RECEIVE ANTENNA HEIGHT: 0 FEET 
TRANSMITTER POWER: 100.0 WATTS 
REQUIRED BANDWIDTH: 2.8 KHZ 
REQUIRED SIGNAL TO NOISE: 12.0 dB 
TERRAIN: SE 
SURFACE COVER: HE 
SURFACE CONDUCTIVITY: -40E+01 MHO/M 
DIELECTRIC: 81.00 
WIND VELOCITY: 25.0 KNOTS 
MANMADE NOISE MODEL: SH 
ATMOSPHERIC NOISE: YES 
CALCULATED GROUNDWAVE LOSS: 97.03 dB 
REQUIRED POWER: 288.807 WATTS 
AVAILABLE POWER: 100.000 WATTS 
** SURFACE WAVE PROPAGATION TO RECEIVER NFOLK UNLIKELY ** 
MAX RANGE FOR POWER OF 100.000 WATTS: 164.8 NMI 
on NOTE: RECEIVE ANTENNA GROUNDWAVE GAIN ASSUMED = 0.0 dBi 


GD 


Bell 


SELECT DISPLAY OPTION ( A/F/P/E 


GWo>a 


*k*% UNCLASSIFIED *** DAG eer OY > COT 
GROUNDWAVE IS FROM HELO+ ON: 3.000 MHZ 
RANGE TO RECEIVER NFOLK IS: di; .7 NMI 
TRANSMIT GROUNDWAVE GAIN: -O dBi 
POLARIZATION: V 
TRANSMIT ANTENNA HEIGHT: 900.6 FEET 
RECEIVE ANTENNA HEIGHT: OPE EET 
TRANSMITTER POWER: 100.G WATTS 
REQUIRED BANDWIDTH: 2.8 BHZ 
REQUIRED SIGNAL TO NOISE: PZ. Olecue 
TERRAIN: SE 
SURFACE COVER: Hee 
SURFACE CONDUCTIVITY: ~40E+01 MHO/M 
DIELEC Chae 81.00 
WIND VELOCITY: 23.0 KNOTS 
MANMADE NOISE MODEL: SH 
7 ATMOSPHERIC NOISE: YES 
CALCULATED GROUNDWAVE LOSS: 12.41 dB 
REQUIRED POWER: 1.490 WATTS 
AVAILABLE POWER: 100.000 WATTS 
MAX RANGE FOR POWER OF 100.000 WATTS: Othe an 


NOTE: 
GW> 


RECEIVE ANTENNA GROUNDWAVE GAIN ASSUMED = 


Oe (0) eljeynt 
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RAR OER SS LP LD uae DATE: 7/ 1 AT 09:00 UT 


GROUNDWAVE IS FROM HELO] ON: 5.696 MHZ 
RANGE TO RECEIVER NFOLK IS: 106.0 NMI 
TRANSMIT GROUNDWAVE GAIN: .O dB1 
POLARTZATICN: V 
TRANSMIT ANTENNA HEIGHT: 500.0 FEET 
RECEIVE ANTENNA HEIGHT: .O FEET 
TRANSMITTER POWER: 100.0 WATTS 
BANDWIDTH: 2-8 KHZ 
REQUIRED SIGNAL TO NOISE: 12.0 dB 
TERRAIN: SE 
SURFACE COVER: [/ 
SURFACE CONDUCTIVITY: ~40E+01 MHO/M 
DIELECTRIC: 81.00 
WIND VELOCITY: 25.0 KNOTS 
MANMADE NOISE MODEL: SH 
ATMOSPHERIC NOISE: YES 
CALCULATED GROUNDWAVE LOSS: 93.53 dB 
REQUIRED POWER: 29.126 WATTS 
AVAILABLE POWER: 100.000 WATTS 
MAX RANGE FOR POWER OF 100.000 WATTS: ose ela 


NOTE: RECEIVE ANTENNA GROUNDWAVE GAIN ASSUMED = 0.0 dBi 


GYD 


29 


wx* UNCLASSIFIED *** DATE: 
GROUNDWAVE IS FROM HELO2 ON: 
RANGE TO RECEIVER NFOLK IS: 
TRANSMIT GROUNDWAVE GAIN: 


MANMADE NOISE MODEL: 
ATMOSPHERIC NOISE: 
CALCULATED GROUNDWAVE LOSS: 
REQUIRED POWER: 

AVAILABLE POWER: 


7/1 AT 09:00 UT 


5.696 MHZ = 


110-23 dB 


1222.074 WATTS 
100.000 WATTS 


**x SURFACE WAVE PROPAGATION TO RECEIVER NFOLK UNLIKELY ** 


MAX RANGE FOR POWER OF 


100.000 WATTS: 


136.3 NMI 


NOTE: RECEIVE ANTENNA GROUNDWAVE GAIN ASSUMED = 0.0 dBi 


GW 
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SELECT DISPLAY OPTION ( A/F/P/E 


GWoa 


**x UNCLASSIFIED **% Daley ts AL Of; 00 UT 
GROUNDWAVE IS FROM HELO4 ON: 5.696 MHZ 
RANGE TO RECEIVER NFOLK IS: 47.¢ NMI 
TRANSMIT GROUNDWAVE GAIN: ~O dBi 
POLARIZATION: V 
TRANSMIT ANTENNA HEIGHT: 20020) PRET 
RECEIVE ANTENNA HEIGHT: -O FEET 
TreaNstilTTER POWER: 100.0 WATTS 
REQUIRED BANDWIDTH: Zo HH Z 
REQUIRED SIGNAL TO NOISE: Pe2n0 ab 
TERRAIN: SE 
SURFACE COVER: // 
SURFACE CONDUCTIVITY: »-40E+01 MHO/M 
DIELECTRIC: 81.00 
WIND VELOCITY: 25.0 KNOTS | 
MANMADE NOISE MODEL: SH 
UMOoehEREC NOLSE: YES 
CAECULATED GROUNDWAVE LOSS: (9200005 
REQUIRED POWER: 1.259 WATTS 
AVAILABLE POWER: 100.000 WATTS 
MAX RANGE FOR POWER OF 100.000 WATTS: 131.4% NMI 
NOTE: RECEIVE ANTENNA GROUNDWAVE GAIN ASSUMED = 0.0 dBi 
GW> 
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«xx UNCLASSIFIED *** 

ADVANCED PROPHET RAYTRACE SYNOPSIS 
DATE: 7/ 1/86 TIME: 18:00 UT ATMOSPHERIC NOISE: YES BWIDTH: 2.800 KHZ 
FREQ: 5.7 SSN: 50.0 KP: 1.0 MAN-MADE NOISE: SH SNR REQD: 12.0 DB 
XMTR: HELO]L 36- 0 ON 74-30- 0 WANT: O @ *OMNI* PWR: 100.00 ~ 
RCVR: NFOLK 36-40-12 N 76-31-48 W ANT: 144 @ 1.5 RANGE: 106.0 NMI 
ICQNOSPHERE: FOR= 3.5 MHZ FOFI= 4.9 MHZ FOF2= 7.5 

HMF2= 253. KM YMF2=119.8 KM 


NHOP 1 2 3 0 0 0 
MODE 3000000 3300000 3330000 0000000 0000000 0000000 
ANGLE 65.30 11.55 81.70 00 00 00 
DELAY (MSEC) TSOL9 3.144 4.703 000 000 000 
LOSS(DB) 119.51 146.65 169.86 00 00 00 
GAIN TX/RX Oy =11 0/-11 0/-13 0/ 0 0/ 0 0/ 0 
1HZ SNR(DB) 37.84 10.70 -14.51 00 00 00 
ADJ SNR (DB) 3.37  -23.77 48.98 00 00 00 
VIR HT1 (KM) 206.0) seco | 235.03 00 00 00 
VIR HT2 (KM) 00 230.93 233.40 00 .00 .00 
VIR HT3 (KM) 00 sco 233.20 00 00 00 
RA) 
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axe UNCLASSHIED *** 

7 ADVANCED PROPHET RAYTRACE SYNOPSIS , = 
DATE: 7/ 1/86 TIME: 18:00 UT ATMOSPHERIC NOISE: YES BWIDTH: 2.800 KHZ 
FREQ: 5.7 SSN: 50.0 KP: 1.0 MAN-MADE NOISE: SH SNR RHOQD: 12.0 DB 
AMTR: HELOZ2 36- 0-0 N 72-30- 0 WANT: 0 @ *OMNI* PWR: 100.00 
RCVR: NFOLK 36-40-12 N 76-31-48 WANT: 144@ 1.5 RANGE: 198.9 NMI 
IONOSPHERE: FOE= 3.5 MHZ FOFI= 4.9 MHZ FOF2Z= 7.5 

HMF2= 253. KM YMF2=119.7 KM 


NHOP 1 1 1 0 0 0 
MODE 1000000 1000000 2000000 0000000 0000000 0000000 
ANGLE 29.90 36 .80 44.45 00 00 00 
DELAY (MSEC) 1.443 Poo! 1.768 000 000 000 
LOSS (DB) 135.38 149.81 123.57 00 00 00 
GAIN TX/RX 0/-10 0/ -8 0/ -8 0/ 0 0/ 0 0/ 0 
1HZ SNR (DB) 22.98 10.55 36.79 00 -00 00 
ADJ SNR (DB) 11740" =23.92 Ze52 - 00 00 -00 
VIR HT1 (KM) 120253 140.81 188.80 00 00 00 
VIR HT2 (KM) -00 00 00 00 -00 00 

> — ViR HTS (Kip 00 -00 00 00 00 00 
RAD 
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44% UNCLASSIFIED x4 


DATE ; 

FREQ: oe 
AMTR: HELO4 
RCVR: NFOLA 
MeNSOS PHERE : 


NHOP 

MODE 

ANGLE 

DELAY (MSEC ) 
LOSS (DB) 
eeN TA/RX 
1HZ SNR( DB) 
ADJ SNR‘ DB) 
VIR HT1¢hKM) 
bee HT 2 (KS) 
VIR HT3(KM) 
RA> 


i/ 1/7386 TIRE: 


SSN: 50.0 KP: 1.0 MAN-MADE NOISE: SH SNR REQD: 
36- 0- ON +6- O- O W ANT: O @ *OMNI* PWR: 
36-40-12 N 76-31-48 W ANT: 182 @ *OMNI* RANGE: 
FOReess- Joie  PORM= were, FOrF2ZS 125 
HMEF2Z= 253. KM YiIpZC-lises Wi 
l yA 3 G Q 
3000U00 3300000 3330000 0000000 0000000 
18.80 84.40 85.30 O00 .00 
I 3164 Seales +.691 - 000 » 000 
[iis 146.13 > Jiggs 3 O00 ~OG 
O0/-18 0/-+0 O0/-40 0/ QO O/ QO 
32030 -18.03- -41.47 » 00 00 
-2.14 -92.90 -15.94 ~ 00 00 
2 ole 234.27 234.80 00 »O00 
» 00 234.21 234.75 ~00 » O00 
»O0 00 234.69 00 O00 
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ADVANCED PROPHET RAYTRACE SYNOPSIS 
3:00 UT BalTMOSPreRiIC NOLSE: 


RES BWIDTH: 


2.800 KHZ 
[be 10) SDs 
100.00 
47.0 NMI 


0 
QOQ0G00 
00 
»GOQO 
»O0 
O/ Q 
OO 
00 
O00 
00 
OG 


wx UNCLASSIFIED *** DATE: 7/1 AT 18:00 UT 


GROUNDWAVE IS FROM HELO] ON: 5.696 MHZ 
RANGE TO RECEIVER NFOLK IS: 106.0 NMI 
TRANSMIT GROUNDWAVE GAIN: .O dBi 
POLARIZATION : V 
TRANSMIT ANTENNA HEIGHT: 500.0 FEET 
RECEIVE ANTENNA HEIGHT: 0 FEET 
TRANSMITTER POWER: 100.0 WATTS 
REQUIRED BANDWIDTH: 2.8 KHZ 
REQUIRED SIGNAL TO NOISE: 12.0 dB 
TERRAIN: SE 
SURFACE COVER: He 
SURFACE CONDUCTIVITY: -40E+01 MHO/M 
DIELECTRIC: 81.00 
WIND VELOCITY: 25.0 KNOTS 
MANMADE NOISE MODEL: SH 
2 ; ATMOSPHERIC NOISE: YES 
CALCULATED GROUNDWAVE LOSS: 93.53 dB 
a REQUIRED POWER: 15.454 WATTS 
AVAILABLE POWER: 100.000 WATTS 
MAX RANGE FOR POWER OF 100.000 WATTS: 148.7 NMI 
NOTE: RECEIVE ANTENNA GROUNDWAVE GAIN ASSUMED = 0.0 dBi 


GW 
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AX UNCLASSIFIED *** DATE: 7/ 1 AT 18:00 UT 


GROUNDWAVE IS FROM HELO2 ON: 5.696 MHZ 
| RANGE TO RECEIVER NFOLK I5: 198.9 NMI 
TRANSMIT GROUNDWAVE GAIN: -0 dBi 
POLARIZATION : V 
TRANSMIT ANTENNA HEIGHT: 500.0 FEET 
RECEIVE ANTENNA HEIGHT: .Q FEET 
TRANSMITTER POWER: 100.0 WATTS 
BANDWIDTH: 2.8 KHZ 
REQUIRED SIGNAL TO NOISE: 12.0 dB 
TERRAIN: SE 
SURFACE COVER: // 
SURFACE CONDUCTIVITY : -40E+01 MHO/M 
DIELECTRIC: 81.00 
WIND VELOCITY: 25.0 KNOTS 
MANMADE NOISE MODEL: SH 
ATMOSPHERIC NOISE: YES 
CALCULATED GROUNDWAVE LOSS: 11022306 
REQUIRED POWER: 723.544 WATTS 
AVAILABLE POWER: 100.000 WATTS 
** SURFACE WAVE PROPAGATION TO RECEIVER NFOLK UNLIKELY ** 
MAX RANGE FOR POWER OF 100.000 WATTS: 148.3 NMI 
—_ NOTE: RECEIVE ANTENNA GROUNDWAVE GAIN ASSUMED = 0.0 dBi 
GW 
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SELECT DISPLAY OPTION ( A/F/P/E 


GWoa 


*** UNCLASSIFIED *%* DATE Swe ae — od LS OO Ur 
GROUNDWAVE IS FROM HELO4 ON: Dao Oe TH 
RANGE TO RECEIVER NFOLK IS: dm. fo NMI 
TRANSMIT GROUNDWAVE GAIN: ~ O07 dBi 
POLARIZATION: V 
TRANSMIT ANTENNA HEIGHT: 500.0 FEET 
RECEIVE ANTENNA HEIGHT: BUD rR REE 
TRANSMITTER POWER: 100.0 WATTS 
REQUIRED BANDWIDTH: 225 He 
REQUIRED SIGNAL TO NOISE: £2.00 dB 
TERRAIN: SE 
SURFACE COVER: jk 
SURFACE CONDUCTIVITY: meV ETUl HH@ya 
DIELECTRIC: 81.00 
WIND VELOCITY: 25.0 KNOTS 
MANMADE NOISE MODEL: SH 
_~— ATMOSPHERIC NOISE: YES 
CALCULATED GROUNDWAVE LOSS: i 2. Oa muke 
REQUIRED POWER: ~614 WATTS 
AVAILABLE POWER: 100.000 WATTS 
MAX RANGE FOR POWER OF 100.000 WATTS: 143.7 NMI 
NOTE: = 0.0 dBi 


GW > 


RECEIVE ANTENNA GROUNDWAVE GAIN ASSUMED 
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R*AAMERCUAGO LS Lab *** DATE: 7/ 1 AT 18:00 UT 


GROUNDWAVE IS FROM HELO1 ON: 8.984 MHZ 
RANGE TO RECEIVER NFOLK IS: 106.0 NMI 
TRANSMIT GROUNDWAVE GAIN: .0 dBi 
POLARIZATION : V 
TRANSMIT ANTENNA HEIGHT: 500.0 FEET 
RECEIVE ANTENNA HEIGHT: .O FEET 
TRANSMITTER POWER: 100.0 WATTS 
REQUIRED BANDWIDTH: Tse VO 
REQUIRED SIGNAL TO NOISE: 12.0 dB 
TERRAIN: SE 
SURFACE COVER: EE 
SURFACE CONDUCTIVITY: -40E+01 MHO/M 
DIELECTRIC: 81.00 
WIND VELOCITY: 29.0 KNOTS 
MANMADE NOISE MODEL: SH 
ATMOSPHERIC NOISE: Nie 
CALCULATED GROUNDWAVE LOSS: 104.59 dB 
REQUIRED POWER: 597.389 WATTS 
AVAILABLE POWER: 100.000 WATTS 
MAX RANGE FOR POWER OF 100.000 WATTS: 115.1 NMI 


NOTE: RECEIVE ANTENNA GROUNDWAVE GAIN ASSUMED = 0.0 dBi 
Ge 
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*** UNCLASSIFIED *** DATE: 7/ 1 AT 18:00 UT 


GROUNDWAVE IS FROM HELO2 ON: 8.984 MHZ 
RANGE TO RECEIVER NFOLK IS: 198.9 NM 
TRANSMIT GROUNDWAVE GAIN: -O dBi 
POLARIZATION : V 
TRANSMIT ANTENNA HEIGHT: 500.0 FEET 
RECEIVE ANTENNA HEIGHT: 0 FEET 
TRANSMITTER POWER: 100.0 WATTS 
BANDWIDTH: 2.8 KHZ 
REQUIRED SIGNAL TO NOISE: 12.0 dB 
TERRAIN: SE 
SURFACE COVER: // 
SURFACE CONDUCTIVITY: -40E+01 MHO/M 
DIELECTRIC: . 81.00 
WIND VELOCITY: 25.0 KNOTS 
MANMADE NOISE MODEL: SH 
ATMOSPHERIC NOISE: YES 
CALCULATED GROUNDWAVE LOSS: 127.36 dB 
REQUIRED POWER: 10841 .040 WATTS 
AVAILABLE POWER: 100.000 WATTS 
** SURFACE WAVE PROPAGATION TO RECEIVER NFOLK UNLIKELY ** 
MAX RANGE FOR POWER OF 100.000 WATTS: 115.2 NMI 


NOTE: RBSCELIVE ANTENNA GROUNDWAVE GAIN ASSUMED = 0.0 dBi 
GHD 
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GWoa 


*** UNCLASSIFIED **+* DAtie W/ 1 AT 18:00 UT 
GROUNDWAVE IS FROM HELOd ON: 8.984 MHZ 
MANGE TO RECETVER NFOLA IS: 47.7 NMI 
TRANSMIT GROUNDWAVE GAIN: ~-O ABi 
POLARIZATION: V 
TRANSMIT ANTENNA HEIGHT: 900.0 FEET 
RECEIVE ANTENNA HEIGHT: v0) FRET 
Rano tl) 1 hie POWER : 100.0 WATTS 
REQUIRED BANDWIDTH: 2.8 KHZ 
REQLIRED SIGNAL TO NOISE: i200. dB 
TERRAIN: Sr 
SURFACE COVER: i/ 
SURFACE CONDUCTIVITY: ~-t0E+O1 MHO/M 
DEEL ECR Le . 81.00 
WIM VELOGITY: 25.0 KNOTS 
MANMADE NOISE MODEL: SH 
ATMOSPHERIC NOISE: YES 
CALCULATED GROUNDWAVE LOSS: 86.77 dB 
REQUIRED POWER: 949 WATTS 
AVAILABLE POWER: 100.000 WATTS 
MAX RANGE FOR POWER OF 100.000 WATTS: 115.1 NMI 
NOTE: RECEIVE ANTENNA GROUNDWAVE GAIN ASSUMED = 0.0 dBi 
GW> 
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ie ee ee eee 


DATA 


CM H65 IGUANA DATA, 
Cli GREEN'S FUNCTION FOR HELICOPTER 
CM CREATED 873787 
HH HK KK HK KK HHH HHH HK HHH HHH HK KKK KKKKXCM FREE SPACE 
HH HHH HH HHH HHH KKK KK KKK KKK KKK XRXXCM FREQ = 


.086089,5. 
.084089,5. 
.0846089,5. 
.084089,5. 
.084089,5 
.085089,6. 
.084089,6 
-084089,6 


POLOOZS po. 


SFA P15) 
.§26628,5. 
S21 95528 
-670126,02 
-670126, 
af Coie Oy De 
-OZ60257,.55 
./84055,1 
784055,1. 
./384055,1 
.9774683,1. 


.826628,5 
-826628,6 
,826628,6 


“O26 Loe 
Ocolo wo. 


slo ge 
ea 
1828 
.1260 


ny 
oo 
NO 
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.87245,6 


786955, 
786055, 
784055, 
786055, 
./86055, 
174135, 
-1749135, 
:1 75035, 
2153552510. 


.176135, 
179135, 
»1746135,1.016869,10 
-176135,1.016869,10 
-OL666 Fatt 


Al 


27935352708 
-8706662,2.826628,6.670126, 
,2-826628,6.6/0126, .8704642, 
so/6l62,1 
./86055,1 


215353525 
21 5554 


.077683,1 


-07/7983512. 


~9014657,1 


-128907,1 
,2/ DSS5erce 
-o/0)l 2652. 
16/6262 5) 
<07 255951 
.128907,1 
.786055,1 
.077483,1 
.7646055,1 
./86055,1. 
.077483,1 
-184055,2. 
-104055,1. 
1275332, 

-21 53325. 
.6/ 012652. 
8/616g,0— 
6LZ28907Gr. 
.961957,1 
s2fenoere. 
sor 0lgo,c. 
LOSE o55 2. 
. 3646566,2 
.453588, 
~411423, 
- 339489, 
- 339689, 
-55909, 
- 339489, 
.55909, 


EP aLooe es 


APPENDIX C 
NEC MODELS 


.87046642,3 
-59099N, S 
-8704642,3 
- 159408 ,4 
759608,5. 
9023S 
759608,4. 
.f 9940855: 
90293975. 
-(599608,6. 
.759608,5. 
14022E,5. 


140223,5 


.1596038,5. 
- /S990G7c. 
(2240650. 
:759606.. 5. 
./ 59608, 5. 
-/59602,4 
°62939,4. 
.759608,5. 


140228,5. 
759608,5. 
g63 599 2au5 - 
140228,5. 
140228, 5. 
759608,5. 
759608,5. 


759408,5. 
665972707 
66599276). 
665992 Rr 
166999257 205597676 
-4022332, 10 309229,5. 
-4022332,10.0865,6.295673,. 
»-558496¢6,10.65715,4.339489, 
-5584966,10.87265,4.339689,1 


Olé6seo or 
01666755. 


084089,6 
-826628,6. 
-5584964,2.826628,6 .670126, 
»2.826628, 9.200992, 
275332,0.,2.826628,5.936846,0., 
,o. 418967 ,5 128907 oocosceeuc, 
-8704442, 


INCLUDE GW310 ON TAIL 


18. 


-262175,2.084089,5.784055, 
~2021/75,2.06G069,5 67 1 7G)45, 
-262175,2.68266267 5.2) oor 
-55846964,2.084089,6.174135, 
-5586964,2.826628,5.2/5332, 
NEO ie, o 
—Cocli one 


ELOOL igo 
| Zeoee yo 
sf 2OOLonoe 
»782813,5 
T2603 a: 
»/86055,2: 


W2Z6013,5 


LE2Sl a0 
P2oUL S76. 
2260 Loy) 
0389637,5. 
Leo oe 
625229,5. 
-425229,6 


425 


425229,6 
080377,6 
126013,5 
126013,6 
1Z26013,6 


1 G2O15,6 


762815,6 


-§5584964,10.65715,7.55909, 
2621) 7551 eno 4 
262175, 21 S557 ood, 
-339989,1.016869,10 
ee ioe ee 
-339689,1 
‘Og 5co7 > Le 
NOD oeo 7. 
5655259/,1 -016c60R re 
:6593525/,1,6166697 1: 
-653257,1.413316,i1 
.6707765,10 
.6707765,11. 


-87265,5 


.87265,5 
-44021,5 
-87265,5 
446021,5 
-446021,5 
-87265,6 
44021,6. 
.87265,6. 
»-87265,7. 
-46021,6 


378 


»176135, 
670126,0., 


339489, 


1 MERZ 


.8704442, 
-0256, 


ref] oeeyrarea| 


-/84055,1 


786055,1 


0774683,1 
$77483,1 


077483,2. 


O2356251 
2955252 


Ome 26592 
-841436,2 
.9230G1,1. 
6 eM ole 
.077483,1 
-876162,1 
.077683,1 
.077483,1 
.077483,2. 
.077483,2. 
-/84055,2. 
, Ingo d > Z 
~6701 26,2. 
-876162,1 
.0/2550,1 
He Sees c. 
L289 07 sel 
ee lua 
3 DOS 2 oe 
(G5vicore a. 
~L/GiS5, 2. 


SDUZS95.. 


339489,1 


339689,1. 


L7G USD. 
174135,1. 


-5584964, 
-2OL217 I 


759408, 
-759608,. 
.759608, 
7594608, 
90293555 
140228,. 
140228,. 
240228,. 
sO Igo ae 
140228,. 
.4/594C8,. 
.159608,. 
140228,. 
./59408,. 
6859927 . 


Beye Sea 
<69525/751. 
30596,4. 
44021,4. 
<655c07> 
.784055, 
Ala ayeye Siep 5) al 
-484055,1 
-/84055,1. 
sL761355 1. 


.0254, 
- 5586964, 
.8704442, 
.5584964G, 
-0254, 
.8704646G2, 


.0254, 


.0254G, 


2908915 
-o9099n 
990 9CR, . 
9029395. 
.759408,. 
140228,. 
9029397. 
. 759608, . 
160228,. 
2/ 2eoGey 
1509,1.795782; 
-685992, 


635992. 


-7463782, 


718896, 


685992, 


1460228,. 
1460228,. 
§336101,. 
5336101,. 
< Coals Sion. 
Soieoor 
BAe PAN Shy. 
“SDD 9 Soy 


016269, 


4613314,. 


55909,1.016869,. 


17 S155) 1. 


016869,. 


.0254, 
-0254, 


.0254, 
.02564, 
.0254, 


.0254, 


.0254, 
.0254G, 


.0254, 
.0256, 


.0254, 
.0256, 
.0254, 
.0254, 
.6256, 
.0254, 
.0254, 


0254, 


.0254, 
0254, 
.0254, 


0254, 
0254, 
.0254, 
.02564, 
0254, 
.0254, 
.0256, 
so 00 ote 
016869,. 
-6707765,. 
fOGSDSC5s. 
-413314,. 
POLGS6 0am 
613314,. 
C16869,. 
7645325,. 


0254, 
0254, 


Ble ho S DATA Ai 


GW67,1,10.87245,6.179135,1.415314,11.44021,6.179135,1.413314, .0254, 
GW68,1,10.87245,7.55909,1.016869,11.44021,7.55909,1.016869, .0254, 
Gweg,l,!1.115535,4. 35594669, .355933,11.496021,49.35359989,1.016869, .6254, 
GH70,1,11.30594,4.539489,1.590991,11.70527,4.339489,1.590991, .0254, 
Poe Ll 505947 7.55709,1 . 590991 11. 7052757 .55909,1.590991, .0254, 
GN72,3,11.494621,494.339489,1.016869,11.44021,5.784055,1 .016869, .0254, 
Giigs>1,11.94021,4.3539489,1.916659,11.70527,4.3359489,1 .590991, .0254, 
GN74,1,11.44021,5.784055, .7645325,11.44021,5.784055,1.016869, .9254, 
Gio lt, il .466021,5.784055; .7645325,11.70527,5.784055, .6331555, .0254, 
GHW76,1,11.49021,5.784055,1.0163869,11.44021,5.784055,1.413314, .0254, 
GW77,1,11.94621,6.176135, .7645325,11.44021,6.174135,1.016869, .6254, 
GU7S,1,11.99021,6 .174135, .7695325,11.70527,6.174135, .6331555, .0254, 
GN79,1,11.49021,6.1741355,1.016869,11.44021,6.1794135,1.413314, .0254, 
GW80,35,11.46021,6.174135,1.016869,11.44021,7 .55999,1 .016869, .0254, 
GW81,1,10.87295,7.55909,1.016869,11.30594,7 .55909,1.590991, .0254, | = 
GWS2,1,10.51999,7.55909, .5584964,19.87245,7 .55909,1.016869, .0254, 
Gheo7.711]1.9902957 .55909, 1% 016869,11.70527,7 .55909,1.590991, .0254, 
Gige¢>1,11.11553577 .55909, .355933,11.94021,7 .55909,1 .016869, .0254, 
GH85,1,10.87295,5.653257,1.413314,10.87245,5.927586,1 .413314, .0254, 
GW86,1,11.49021,5.786055, .7645325,11.44021,6.174135, .7645325, .0254, 
GW37,1,10.87245, 5.653257, .6707745,10-.87245,5.940319, 6707745, .0254, 
eric |) OO oe 2oo98c, ec. 16222151 2.68 leon > .955952,2.162221, .0254, 
aero ts Ll. 66797. 255952,2.162221,12. 21665,5 .955952,2.70046, .0254, 
GIN90,2,12.04558,6.174135, .4618447,12.48543,6 .174135, .4618447, .0254, 
GW91,1,12.4985435,5.784055, .46138447,13.049682,5.784055, .5584964, .0254, 
GW92,1,12.48543,6.174155, .4618447,13.94682,6 .174135, .5584964, .0254, 
GW93,1,13.69271,5.786055,1.144773,13.69271,6 .174155,1.144773, .0254, 
GN94,2,13.04682,5.784055, .5584964,15.69271,5.784055,1 .144773, .6254, 
GWN95,2,13.09682,6 .1749135, .5584964,13.69271,6.174135,1 .144775, .0254, 
GW96,1,13.09682,5.784055, .5584564,13.04682,6.1749135, .5584964, .0254, 
Olle? perils. 47105,5.955952,2.162221,15.69271,5.789055,1.144775, .0254, 
Ohie67 2715.97105,5.955952,2.162221,15.6927156 .1/4135,1.199773,.9254, 
Gite 272,15.97105,5.9535952, 2.162221,135.63775,5.821674,5.299118, . 0254, 
Gawdi0,2,12.74919,5.935952,35.506665,15.692/1,5.789055,35.609681,. 
GW101,1,11.70527,6.1749135, .6331555,12.04558,6 .174155, .4618447, .9254, 
GW102,2,11. G92), Stee o, | /4loelS, 1 36679,5.953952,2.162221, .0254, 
GW103,2,11.49921,6.174135,1.413519,11.8679,5.933952,2.162221, .0254, 
GHWi04¢,2,7.009354,5.147427,7.38135162E-02,7.7871138,5. 250445, . 1869372, .0254, 
GW105,2,7.009854, 7795i,7.313162E-02,7.790012,6 657393. 1840434, .0254, 
GW106,1,5.425229, -1509,2.743782,6.102369,5.241185,1.716002, .0254, 
GRO7,1,7 .009654, 5.553135,2.685992,7 .009854,5.958839,2.655992, .0254, 
GW108,1,7.583976,5.653257,2.1940228,7 .583976,6.174155,2.140228, .0254, 
GW109,1, 5.625229, 6.841436, 1.743782,6 .039377,6.732631,1.718896, .0254, 


(oj 
N) 
6] 
iN 
~ 


UU UO Ln 


GW110 -126013,5.784055,1.759408,5.126013,5.53114,1.759408, .0254, 
GW11 _/2Z6oen,0 00 Of162,1.59099),5.1260135,7 .072359,1.759908, . 92549, 
Ghi11 -583976,6.174135,2.146223,7.796579,6.1495776,2.074829, .0254, 
GW12 -583976,5.653257,2.146228,7 .802745,5.687404,2.071356, .0254, 
GH11 1Ocomee 70.07 0lzo, 0. , 907 51219,6279515/7,1.562632E-02, .0254¢, 
GWil of eae oe’ ooo, ) . 590991, 5.1260135,4.9901457,1.7594908, .02549, 


Gh1l .583976,6.174135,2.1940228,7.384507,6.383064,2.140228, .0254, 
.583976,5.653257,2.140228,7 .394146,5.48484,2.1490228, .0254, 
-594146,5.48484,2.140228,7.412665,5.415968,1 .666229, .0254, 
-394146,5.48484,2.149228,7 .000594,5.443749,2.190228, .0254, 
.384307,6.383064,2.140228,7 .000594,6 .439203,2.140228, .0254, 
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rE ee eee eos ons bo aanba oe 
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GW11 


GW12 
GW12 
GW12 


5 
2 
7 
7, 
2 
2 
ff 
7 
7 
Fé 
ij 
5 
5.126013,6 .670126,2.140228,5.496994,6 .623247,2.1940228, .0254, 
7.000594,5.443749,2.1490228,6 .083249,5.362723,2.140228, .0254, 
De Oe et oat Ml i pee ttt me ee ae 
5 
5 
> 
3 
ia 
3 
a 
S 
5; 
7 
ff 
if 
ih 


G) 
PE 
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GN12 .3649307,6.3835064, 2.149225, 7 .384307,6 .520229,1 .669125, .0254, 

GW1 26 .126013,7.072359,1.759408,5.135274,7 .028953, .8675504, .0254, 
GW127 .126013,4.991457,1.759408,5.1509,4.9263543, .8733379, .0254, 

GW228 ,( 26Se5,5.2focee, | .590391,35.724855,5.209932, .8831767, .0254, 
GW129 .718487,5.128907,1.562632E-02,5.172314,4.947758, .0405127, .0254, 
GW130 .009854,5.147427,7 .813162E-02,6 .093109,5.047882, .059032738, .0254 
GH131 .731219,6.795137,1.562632E-02,5 .144534,6.98844, .0405127, .0254, 
GW132 nt 2o525,02670162,1.5990991,3.728325,6 .858543, .8831767, .0254, 
GW133 o(10987,5.626907,1.562632E-02,3.724855,5.9353952; .015626352, .0254 
GW134 -144534,6 .98844, .0405127,5.16016,5.952472, .0405127, .0254, 

GWis5 .009254,6.77951,7 .613162E-02,6 .098897,6 .881949, .05903278, .0254 
GW136 .009854,5.147427,7.813162E-02,7 .009854,5.927586, .07813162, .02554 
GW1 37 .009854,6.77951,7.813162E-02,7 .009854,6.77951, .87044942, .0254, 
GW138 .009254,5.1497627,7.813162E-02,7 .60696,5.1474927, .8640779, .0254, 


SNS: 


FILE :-@ha> DATA Al 


GW139,1,9.549752,5.453588, .4022332,9.549/52,5.955968, 2067 55047 0eens 
GW140,1,9.349752,5.4535838, .4022352,9.3549752,5.936846, .4022552, .0254, 
G$W141,1,9.349752,6.411923, .4022332,9.353224,6.49114925, .27044942, .0254, 


GW142,2,10.87245,5.653257,1.415314,10.0894,5.550239,1.47582, .0254, 
GW143,2,10.87245,6 .174135, 1.413314, 10 .0865,6.295675,1.47582, .0254, 
GW144,1,9.349752,5.933952,1.590991,9 .349752,5.453588,1.534852, .0254, 
GWN145,1,9.549752,5.953952,1.590991, 9. 35611775 sit 4co otc oe eco, 
GWi146,1,10.0865,6.295675, .5336101,10.0894,5.940319, .5336101, .0254, 
GW147,2,10.0865,6.295675, .5356101,10.37245,6.174135, .6707745, . 0254, 


GW143,1,10.0865,6.295673,1.47582,9.356117,6.411925,1.554852, .0254, 
GW149,1,10.0865,6.295675, .53361901,19.0865,6.295673, .8640779, .0254, 
GW150,1,10.08949,5.550239,1.47582,9.349752,5.453588,1.5349852, .0254, 
GN151,1,16.09229,5.550259, .5556101, 1009229, 53550257 e704 eos 
GW152,1,10.6865,6.295673,1.47582, 10. 0865,5.946106,1.47582, .0254, 
GW153,2,9.349752,5.453588,..4022332,8 .585797,5. 353463, . 2963214, .0254, — 
GW154,2,9.349752,5. 453538,1.534852,8.573065,5.353463,1.588058, .0254, 
GW155,1,7.787118,5.250445, .1869372,7 .787118,5.250445, .87638104, .0254, 
GW156,2,7.787118,5.250445, .1869372,8.585797,5.3535465, .2963214, .0254, 
GW157,2,8.573065,5.353463,1.588098,7.790012,5.250445,1.644237, .0254, 
GW158,1,8.585797,5.353463, .2963214,8 .579432,5.353463, .8704442, .0254, 
GWi5$,2,9.356117,6.411423,1.534352,8 .5765357,6.532961,1.590991, .0254, 
GH160,2,9.349752,6.4911423, .4022532,8.570171,6.532961, .2934277, .0254, 
GNIS1, 1,3. 585/797,5.3535965, .2963214,8 .576535/7,5.555965, .2934277, .0254, 
GW162,1,7.790012,6.657393, .18404934,8.10659,6.607042, .2286075, .0254, 
GNi63,2,7.727118,5. 250445, .1859372,7 .787118,5.940319, .1869372, .0254, 
GW164,1,8.576537,6.532961,1.590991,8.573065,6.532961, .8646779, .0254, 
GWi165,1,8.576537,6.5232961,1.590991,38.112378,6.605884,1 .622244, .0254, 
Gvll66,1,7.790012,6.657393, .1840434,7.790012,6.657395, .8733579, .9254, 
GR167,2,9.549752,5.933952,1 .590991,8. 596179, 5. 709s96, eoee2te coe, 
W168,1,8.5735065,5.553465,1.588098,8.548179,5.709396,1.622244, .0254, 
GWN169,2,9.349752,5.933952,1.590991,3.573065,5.808942,1.834646, .0254, 
GW170,1,8. 548179,5.709396,1.622244,8 .573065,5.808942,1.834646, .9254, 
GW171,2,9.399752,5.935952,1.590991,8.566699,6.959864,1.854646, .0254, 
GW172,1,8.573065,5.808942,1.8349646,8 .566699,6.039864.1.834646, .0254, 
GW173,2,9.3499752,5.953952,1.590991,8.566699,6.180501,1.622244, .0254, 
GWN174,1,8.576537,6.532961,1.590991,8 .556699,6.1€0501,1.622244, .0254, 
GW175,1,8.566699,6.039864,1.834646,8°.566699,6.186501,1.622244, .0254, 
GH176,2,7.790012,5.250445,1 .6442357,7 .000594¢,5.147427,1.684749, .0254, 
GN1/77,2,7.78/118,6 .657593,1 696257, 7 3009359, 6.977 go Comer ee 0254, 
GN178,2,8.348179,5.709396,1.622244,7.796379,5.496994,1.650603, .0254, 
GW179,1,7.790012,5.250445,1.644237,7 .796379,5.496994,1.650603, .0254, 
GW180,2,7.802745,5.687404,2.071356,8.573065,5.808942,1.834646, .0254, 
GN181,1,7.802745,5.687404,2.071356,7.796379,5.496994,1.650603, .0254, 
GW132,2,7.796379,6.145776,2.974829,8 .566699,6.039864,1.834646, .0254, 
GW1383,1,7.796379,6.1495776,2.0749829,7 .802745,5.687404,2.971356, .0254, 
GW184¢,2,8.566699,6.180501,1 .622244,7 .787118,6.426471,1.653497, .0254, 
GWi85,1,7.796579,6.145776,2.674829,7.787118,6.426471,1 .6534997, .0254, 
GW186,1,7.787118,6.657393,1.644237,7.787118,6.426471,1 .653497, .0254, 
GW187,1,7.412665,5.415968,1 .666229,7 .796379,5.696994,1.650605, .0254, 
GW1E8,1,7.3853507,6.520229,1.669123,7 .787118,6.426471,1 .6535497, .0254, 
GW1E9,1,7.384307,6.520229,1.669123,7 .03622,6 .57984,1 .684749, .0254, 
GN190,1,7.009854,6.77951,1.681277,7.01622,6 .57984,1.684749, .0254, 
GHLCL, Lists 0005594,5.439203,2.140228,7.01622,6.57984,1.684749, . 0254, 
GH192,1,7.412655,5.415968,1.666229,7 .009854,5.362723,1.681277, .0254, 
GW193,1,7.000594,5.443749,2.140228,7 .009854,5.362723,1.681277, .0254, 
GW194,1,7.000594,5.147427,1 .684749,7 .009854,5.362723,1.681277, .0254, 
GW195,2,5.144534,6 .98844, .0405127,5 .098897,6.881949,5.903278E-02, .0254, 
GW196,2,6.080377,6.923041,1.718896,7.009854,6 .77951,1.681277, .0254, 
$W197,2,6.098897,6.881949,5.903278E-02,6 .089637,6 .901048, .8733379, .0254, 
C1198, 2,06.080377,6.7352631,1.718896,7.01622,6.57984,1 .684749, .0254, 
GW199,1,6.080377,6.923041,1.718896,6.080577,6.732631,1.718896, .0254, 
GW200,1,5.996994,6 .623247,2.140228,6.077483,6.551481,2.140228, .0254, 
GW201,1,6.980377,6.752631,1.718896,6.977483,6 .551481,2.146228, .9254, 
GN202,2,6.102369,6.539328,2.685992,7 .009854,6.364544,2.685992, .0254, 
GWN203,2,5.172314,4.947758, .0405127,6.093109,5.047882,5.903278E-C2, .0254, 
GW204,2,6.093897,6 .881949,5.905278E-02,6.096003,5.965205, .05903278, .9254 
GW205,2,6.089637,5.029362,1.722368,7 .000594,5.147427,1.684749, .0254, 
GW206,2,6.093109,5.047882,5.9052/78E-02,6 .093109,5.038622, .8768104, .9254, 
Gy i207,2,6.102369,5.261185,1.716002,7.009854,5.362725,1.681277, .0254, 
GW208,1,6.089657,5.029562,1.722368,6.102369,5.241185,1.716002, .0254, 
GWi299,1,5.4941,5.310057,2.140222,6.083849,5.362723,2.140228, .0254, 
GW210,1,6.102369,5.241185,1.716002,6.083849,5.362723,2.140228, .0254, 


380 


Pate: H65 DATA Al 


GN211,2,6.093109,5.393976,2.685992,7 .009854,5.553133,2.685992, .0254, 
GW212,1,6.102369,6.539522,2.685992,6 .096005,5.965205,2.685992, .0254, 
GW213,1,12.04558,6.179135, .4618447,12.04558,5.784055, .4618447, .0254, 
GNW219,1,11.70527,5.786055, .63531555,12.04558,5.784055, .4618447, .0254, 
GW215,1,12.4948543,5.784055, .4618447,12.04558,5.784055, .4618447, .0254, 
GN216,1,7.909854,5.553135,2.685992,7 .594146,5.48484,2.140228, .0254, 
GH2Z.7, 1,7.009854,5.553133,2.685992,7.000594,5.443749,2.140223, .0254, 
GW218,1,6.093199,5.395976,2.685992,6 .083849,5.362723,2.140228, .0254, 
GW219,1,7.009856,6.3646544,2 .685992,7 .384307,6.383064,2.1490228, .0254, 
GN220,1,7.0093549,6.364544,2.685992,7 .000594,6.439203,2.140228, .0254, 
GN221,1,6.102369,6.539328,2.685992,6 .077683,6.551481,2.1460228, .0254, 
OWi222;,2,5./26525,6.676162,1.590991,35.7283525,6 .0893577,1.590991, .0254, 
Gr225,2,49./82815,6.977983,1.759403,3.728325,6.080377, ri. -590991, .0254, 


GN2249,1 75..728325,5.784055,1 .590991,3.728325,6.080377,1.590991, .0254, - 


GARZS,2,3.726025,5.789955,1.590991,49.762215,5.789055,1.759408, .0254, 
GN226,2, .731219,8.795137,1. 562632E-02,3.728325,5.8 38543, . 8831767, .0254, 
GH227,2,2.326628,6.$70126, .8704442,3.725325,6.838545, .8831767,. 0254, 
GHi228,2,5.135274,7.028953, .8675504,5.144534,6.98844, .0405127, .0254, 
GMZ29,3,5.1352/749,7 .028953, .8675504,3.728525,6.838543, .8831767, .0254, 
GN230, 2,6.080377,6. 923041,1.7183896,6.089637,6.901048, .8733379, .0254, 
Ges, 2, 135274,7.028953, .8675504,6 .089637,5 901048, 8733379, 0254, 
Gii232,2,7 -009854,6.77951, .8704442,7 .009854,6.77951,1.681277, .0254, 
GYIZ53,2,7.009854,6./7951, .8704692,6 .089637,6.901048, .8735379, .9254, 
GN254.2, .787118,6 .6573593>1 .644237,7.790012,6 657393, .8733379, . 0254, 
bc 55,2,/.309859,0 7/951; .8709992,7 .790012,6 .6573595, .8753379, .0254, 
GW236,1,8.570171,6.532961, .2934277,8 .573665,6 .522961, .8640779, .0254, 


GN237,1, 
GHW238,1, 
GN259, 


-5753065,6.53296€1, .8640779,8.110642,6 .€06463, .8692867, .0254, 
-353224,6 .411423, .87049492,9.356117,6 .41149235,1 .534&52, .9254, 
253224,6.911923, .87044962,8 .573065,6.532961, .8640779, .0254, 


~1509,4.926343, .8733379,6.093109,5.038622, .8768104%, .0254, 
.09696,5.147427, .8640779,7 .000594,5.147427,1 .6849749, .0254, 
.00696,5.147427, .8640779,6 .093109,5.038622, .8768104, .0254, 
~787118,5.250445, .8768104,7 .790012,5.250445,1 .6449237, .0254, 
.00696,5.1474627, .8640779,7.787118,5.250445, .8768104, .6254, 
-573065,5.353463,1.5880598,8 .579432,5.353463, .87049492, .0254, 
-787118,5.250445, .8768104,8.579432,5.3534965, .87094942, .0254, 
-349752,6.411423, .4022332,9.349752,5.9368496, .4022332, .0254, 
CW274 -349752,5.936846, .4022332,8 .576537,5.955945, .2934277, .0254, 
GW275,1,10.09229,5.550239, .5336101,10.0894,5.9403519, .5336101, .0254, 
GW276,2,9.349752,5.936846, .4022332,10.0894,5.940319, .5356101, .0254, 
GN277,1,9.349752, 5.453588, .8675504,9.349752>5.453588, 1.534852, .0254, 
GW278,2,9.349752,5.453588, .8675504,8 .579432,5.353463, .8704442, .0254, 
GW279,1,10.0894,5.550239,1.47582,10.09229,5.550239, .87044942, .0254, 
GN280,1,9.3469752,5.453588, .8675504,10.09229,5.550239, .8704442, .0254, 
GN281,2,10.87245,5.653257,1.016869,10.09229,5.550239, .8704442, .0254, 
GW282,1,11.44621,5.784055,1.413314,11.44921,6.174135,1.413314, .0254, 


381 


) 
00 OMNI SMA NOL URE EEE Op O.0 Be II ORIN ON 


Pa. 
GW240,1,10.0865,6.295675,1.47582,10.0865,6.295673, .8640779, .0254, 
GW241,1,9.355224,6 .411423, .8704442,10.0865,6.295673, .8640779, .0254, 
GU242,2,10.87245,6 .174135,1.016869,10.0865,6.295673, .8640779, 0254, 
GW243,1,10.6894,5.550239,1.47582,10.0865,5.946106,1.47582, .0254, 
GW244,1,9.349752,5.933952,1.590991,10.0865,5.946106,1.47582, .0254, 
GH245,2,10.09229,5.550239, .5336101,10.87245,5.653257, 6707745, .0254, 
GiHW246,1,10.87265,6.174135,1.413314,10.87245,5.927586,1.413314, 0254, 
SH247 ,2,10.87245,5.927586,1.415514,10.0863,5,946106,1 47582, 0254, 
Gi1248,1,2.826628,6 .670126,0.,2.526628,5.936846,0.,.0254, 
GH249,2,3.731219,6.795137,1.5626328-02,3.724853,5.935952, .01562632, .0254 
GH250,2,2.826628,5.936846,0.,3.724353,5.933952,1.562652E-02, .0254, 
GW251,2,5.172314,4.947758, .0405127,5.16016,5.952472, .0405127, 9254, 
GH252,3,3.724855,5.9335952,1.562632E-02,5.16016,5.952472, .0405127, .0254, 
N253,2,6.093109,5.047882,5.903278E-C2,6 .096003,5.965205, 05903278, .0254 
GW254,2,5.16016,5.952472, .0405127,6.096003,5.965205,5.903278E-G2, .0254, 
GH235,2,3.718487,5.128907,1.562632E-02, 3.724853,5.209932, .8831767,.0254, 
GW256,2,2.826628,5.275332, .8709442,3.724853,5.209932, .8831767,.0254, 
GN257,2,5.1509,4.926343, .8733379,5.172314,4.947758, .0405127, .0254, 
GW253,3,5.1509,4.926343, .8733379,3.724853,5.209932, 8831767, .0254, 
GH259,2,7.009854,6.77951,7.813162E-02,7.009854,5.927586, 07813162, .0254 
GN260,2,7.609854,5.927586,7.813162E-02, 6 .096003,5.965205, .05903278, .0254 
GW261,1,7.790012, 6.657393, .1840434,7.787118,5.940319, .1869372, .0254, 
GW262,2,7.009854,5.927586,7 .813162E-02,7 .787118,5.940319, .1869372, .0254, 
GN263,1,8.570171,6.532961, .2934277,8 .576537 5.955945, .2934277, .0254, 
GWZ64,2,3.575537,5.955945, .2934277,7.787118,5.940319,.1869372, .0254, 
BU265,2,6. 089637, 5.029362, 1,722368,6 .095109,5 038622, 8768104, 0254, 

2 

2 

Z 

2; 

l; 

2, 

ey 


FILE hes DATA Al 


GN283,1,10.87245,6 .179135, .6707745,10 .87295, 5.940319 oy ta Goes 
H284,2,10.87245,5.990319, .6707795,10.0396,55 .946035197 (s336101> Caen, 
GH285,1,6.0931909,5.393976,2.685992,6.096003,5.965205,2.685992, .0254, 
GN286,1,7.609854,6.364544,2.685992,7 .009854,5.958839,2.685992, .0254, 
GN237,2,7.009854,5.958839,2.685992,6 .096003,5.965205,2.685992, .0254, 
GN282,1,5.425229,6 .670126,2 665992, 5 S25cc9,; O- ai oe ee ee a 
GH289,1,6.096003,5.965205,2,6605992,5.966099, 5.9060 7372-90 oe 
GW290,1,5.425229,5.977359,2.685992,5- 96009775 veolss cee ce 
GHW291,1,5.966099,5.968099,2.665992,5.966099;5 700077, cvco goo. . 
GN292,12,5.968099,5.966099,2.635661 75° 9660099, lim o0c, coerce 
GW293,12,5.968099,5.968099,2.8385661,5.966099,0.,2.885661, .0254, 
GN294,12,5.568099,5.968099,2.885661,0.,5.968099,2.885661, .0254, 
GN295,12,5.968099,5.968099,2.885661,11.9362,5.968099,2.885661, .0254, 


GN296,1,7.7$0012,6. 
GNZ97, 1,7; 737211656. 
GW293,2,8.110642,6. 
GH299,1,6.57an7a,6. 
GvJ300,1,3.110562,6. 


657393, .87533579,8.110642,6 .606463, .8692867, .0254, 
657393,1 .644237,8.112578,6 .605884,1.6222449, .0254, i 
6064963, .8692867,&.112378,6.605884,1 .622244, .0254%, 
532961, .29349277,8.10659,6 607052, -2z2e60n 5, - U2aa, 
606463, .8692867,8.10659,6.607042, .2286073, .0254, 


GW310,1,12.55083,5.933952,3.209763,12./7/4614,5.$33952,3.506663, .0254, 
GW320,2,135.97195,5.935952,2.162221,12,66165,5.950052,2.10222) 0204, 
GW321,2,12.48543,6.1749125, .46184947,12.58209,6 .056069,1.298142,. 
GHi322,2,12.681635,5.933952,2.162221,12.56299,6.0560069;,1-296142,. 
GN229,1,12.98543,6 .1746135, .496184497,12.38543,5.784055, .46184497,. 
GN326,1,12.23863,5.953952,2./70046, 12. 52063, 5. 9soe52, coo 
GN327,1,13.69271,5.789055,3.6096461,135-63/773.,5. 2167 4o5 20 oe, 0G, 

KKK X RK KKKXKXXXGM O,0,0,9,1890 (MOVE UP o GND) CROTATE ABOUT Z AXIS) 

HEH HEHE XH HEHE KK ENE KKK KK KKXGE (GEl1 FOR GROUND ¥*®X AND ADD GN AND GM CARDS) 
KKK HK HK HK KKK KK XK KKXKRXXXFR 0,0,0,0,18.1,0 


RM RRKXKXKXKXXXSPACEH12™" LONGWIRE ANTENNAXXXXXMRKRXXKXKX 


NX 
CM HH-65A DATA 
CM CREATED 3/16/87 


fe SPACE=12" LONGWI 


GF 
GH401,2,8.110642,6. 
GN402,5,11.94025,5. 
GN403,1,12.74414,6. 
GN604,8,8.187615,5. 
GN405,8,11.94025,6. 
GN406,5,11.94025,6. 
GM 9,0;070,180 


Ge 
EX 0,402,3,01, 1,0 
PL3 


» 2, 0,4 
RPO, 1, 361, 1000, 
PL3, 2, 9, 4 
RPO, 1, 361, 1000, 
PL3, 1, 0,4 
RPO, 361, 1, 1000, 
PL3, l; 0,4 
RPO, 361, 1, 1000, 
XQ 


HHH HH HHH HK HHH HK KK KKK 


NX 

CM H65 IGUANA DATA 

CM COLLINS 437R-2 A 
on STANDARD RADIATI 


GF 
GHG01,3,8.1106492,6. 
GW402,15,8.110642,7 
GM 0,0,0,0,180 


GE 

EX 0,401,2,01, 1,0 
PL3, 2, 0,4 

RPO, 1, 361, 19000, 
ae eee 

RPO, 1, 361, 1000, 
Peo, 1, 074 

RPO, 3561, 1, 1000, 


RE ANTENNA 


606463, .8692867,8.18125,6 .895364,1 .617614, .0254, 
G€4158,1.4133149,12.749414,5.654055,3.206869, .G254, 
2356499,3.206869,12.794919,5.654055,3.206869, .0254, 
002636,1.615299,11.99025,5.49849158,1.49133149, .0254, 
474032,1.9133149,8 .18125,6 .895564,1.617614, .0254, 
474032,1.4913314,12.7449149,6.235349,3.206869, .0254, 
CROTATE ABOUT Z AXIS TO HEAD IN PHI=0) 


C1 VOLT EXCITATION, ANT = TAG 402) 


Tu ls Oy al STD. HORIZONTAL PATTERN CUT 

264.50. (Opel HORIZONTAL CUT, ELEVATION = 64 DEG 
Opry eo STD. VERTICAL PATTERN CUT 

Op Goapele 0 VERT CUT AT PHI = 45 DEG 


XXXXXCOLLINS G37R-Z ANT ENNA XX HK IK EE EEE EEK MRK RK 


NTENNA 
ON PATTERNS 


606463, .8692867,8.110642,7 .063678, .8692867, .0254 ANT 

-063678, .8692867,11.99986,5.99993, .1996697,.025%4 ANT 
CROTATE ABOUT Z AXIS TO HEAD IN PHI=0) 
C1 VOLT EXCITATION, ANT = TAG 401) 

90, 0, 0, 1 STD. HORIZONTAL PATTERN CUT 

26, 0, 0, 1 HORIZONTAL CUT, ELEVATION = 64 DEG 

0, 0, 1, 0 STD. VERTICAL PATTERN CUT 


382 


FIbes 65 DATA Al 


PL3, 1, 0,4 
REO, 3561, 1, 1000, 0,45, 1, 0 VERT CUT AT PHI = 45 DEG 


xQ 

HEME HHH K MK HHH KKK KKK KK RKXKXKXKXRXXXXSTANDARD TUBE INSTALLATIONXXXXXX¥XXX 

NX 

CM HG65 IGUANA DATA CREATED 7729787 

CM STANDARD TUBE ANTENNA 

Ge 

GF 

GNG01,1,8.110662,6 .6064635, .8692867,8.110642,6.860536. .8692867, .0254 ANT 
GN4602,1,11.949021,6.174135,1.413314,11.44021,6.428207,1.413314, .0254 ANT 
GHWG05,14,11.449021,6.428207,1.413314,8.110642,6.860536, .8692867, .0254 ANT 


a 0,0,0,0,1&0 CROTATE ABOUT Z AXIS TO HEAD IN PHI=0) ~ 
a 0,403,13,01, 1,0 C1 VOLT EXCITATION, ANT = TAG 403) 
5, a= 3D a 


a AA aed 1000, 90, 0, 0, 1 STD. HORIZONTAL PATTERN CUT 

ec ? , ? 

RPO, - ee 1000, 26, 0, 0, 1 HORIZONTAL CUT, ELEVATION = 64 DEG 
foo, 1, OQ, 


RPO, 3561, aa 1006, 0, 0, 1, 0 STD. VERTICAL PATTERN CUT 
ae, Ll, 9, 
” 561, 1, 1000, 0,45, 1, 0 VERT CUT AT PHI = 45 DEG 


RAK HR K KARR NKR AKKKXKKAXXKXKKXXTRIVEC LONG TUBE INSTALLATIONXXXXXXXX XK 


Gi CREATED 77350787 
CM LONG TRIVEC TUBE ANTENNA MODEL 
CM EXCITATION ON SHORT STUB 


GNG01,3,8.110642,6 .860536, .8692867,8 .110642,7 .160329, .8692867,.025%4 ANT 
GW402,14,8.110662,7.160229, .8692867,11.44021,6.728001,1.913314,.9254 ANT 
GW403,2,8.1106492,6 .606463, .8652867,8.110642,6.860536, .8692867, .0254 ANT 
GNG0G,6,11.99021,6 .428207,1.4915314,10.08419,6.6061498,1.191652, .0254 ANT 
GNS605,2,12.49954,5.933952,2.706827,12.444934,6 .188025,2.706827,.0254 ANT 
GWiG606,49,11.99021,6.428207,1.4135314,11.¢1073,6.515351,2.019847, .0254 ANT 
GN467,56,12.446434,6.188025,2.706827,11.91073,6.315351,2.019847, .0254 ANT 
GH408,2,11.910735,6.315351,2.019847,11.91073,6.061278,2.019847, .0254 ANT 
GH409,1,11.8679,5.933952,2 .162221,11.91073,6 .061278,2.019847, .0254 ANT 
GWG10, 2-12.74414, 6) ae eS Bea 506663, 12.55083,5.935952,3.209763,.0254 ANT 
GW411,2,12.96954,5.933952,2.706827,12.21865,5.933952,2.70046,.0254 ANT 
GN612,6,8.110642,6. 860536, . §692867,9. 368015,6.699642, 1.071271,.0254 ANT 
GW413,2,9.353224,6.411423,. 8704442,9.348015,6.699642, 1.071271,.9254 ANT 
GWN419,4,9.348015,6 .699642,1.071271,10.08419,6.604148,1.191652,.0254 ANT 
GH415,2,10.0865,6.295673, .8640779,10.08419,6 .604148,1. 191652,.0254 ANT 
GNG16,2,12.46434, 6.188925, 2.706827,12.44434,6.487819,2. 706827, .0254 ANT 
GNG17,6,11.449621,6.728001,1.423314,12.44434,6.487819,2.706827,.0254 ANT 
GW418,1,11.449021,6.1749135,1.4913314,11.44021,6.428207,1.4913314, .0254, 

GM 0,0,0,0,180 CROTATE ABOUT Z AXIS TO HEAD IN PHI=0) 


GE 

- 0,401, me Gl, 150 Ci VOLT EXCITATION, ANT = TAG 401) 
3» Fe 

RPO, 1, 361, 1000, 90, 0, 0,.1 STD. HORIZONTAL PATTERN CUT 

Fim, 2c, QO, 

ae l, 361, 1000, 26, 0, 0, 1 HORIZONTAL CUT, ELEVATION = 64 DEG 
3) 0,4 


iS 


te’ 361, 1, i000, 0, 0, 1, O STD. VERTICAL PATTERN CUT 
PL3, 1, 0,4 

RPO, 3561, 1, 1000, 0,45, 1, 0 VERT CUT AT PHI = 45 DEG 
XQ 

EN 


383 


Fiyise: 16 


CM H60 


0 DATA 


Al 


IGUANA DATA CREATED 7731787 


CM GREEN'S FUNCTIGN FOR HELICOPTER 


CM 


FINAL GW CARDS 


KRK RK RK KKKKKKKKKKKKKXXCM FREE SPACE 
KKK KKK HKKKKKKKHKXXKHXKXKXXCM FREQ = 26.836MHZ 


CE 

GW1,3,4.26702,9.397726, .150275,5.86705459.397 726761 ue Op Uc oa 
GW2,3,5.8670549,9.397726, .250275,7 .187892,9. 39egcome 0c, ue oe 
GNS,2,7.187892,9.397726, .150275,8.582185,9.597726, .150275, .0254, 
GHN4,1,8.978558,9.397726, .150275,9.575684,9.397726, .150275, .0254, 
GW5,2,4.26702,9.39//26, .150275,4.26/02,8. 229555, tue, ue ae, 
GW6,2,5.867054,9.397726, .159275,5.867054,8.229535, .150275, .0254, 
GN7,2,7.187892,9.397/726, .159275,7 .187892,8 .229555, .150275, .0254; 
GWS,2,3.382183,9.3597726, .150275,8.382183,8.229535, .150275, .0254, 
GW9, 2,9 °5/56849,9.597726, 15027 559 -570064,0-22995 27.) 202) SU e Dee 
GW10,2,10.73122,8 .229535, .150275,10.73122,9.042603, .150275, .0254, 
GH11,2,11.88/55,¢.686688, .1502/75,11 .88%55>8 229535, (150275, coo, 
GW12,1,12.53452,8.229535, .2155487,12.53452,8 .648/724, .2135487, .0254, 
GN23,1,13.18228,8 .61076, .2/776235,1355918228,8.229535,-2/7 clos ao 
GW14,1,13.949473,8.229535, .3155776,13.94473,8.58545, .3155776, .0254, 
GW15,1,14.70639,8.560141, .3535418,14.70639,8 .229535, .3535412, .0254, 
GW16,1,5.409901,9.397726,1.978885,5.867054,9.397726,1.978885, .0254, 
GH17,1,5.867054,9.397726,1.,.978885,6. 296097,9 3971/26, 1, st eco oweos, 
GWN18,2,6.298897,9.397726,1.978685,7 .187892,9.3597726,1.978885, .0254, 
OW19,2,7.187892,9.3977265 1. 97888575 2295555 9.597/ 26,137 ooo. Vee, 
GW20,1,8.229535,9.397726,1.978885,8 .978536,9 397/26, 1.97 eee, 0254, 
GN21,4,5.409901,9.093222,1.978865;/ .167892, 9. 09s22e7 ee og temo ae 
GN22,2,7.187892,9 .095222,2.3854918,8.229535,9.093222,2.385418, .0254, 
GWZ3,1,8.229555,9.39/7/26,2.585418,8-97/85358,9.39//2622. 585418, 0254, 
GW24,1,8.978538,9.397726,2.585418,9.575684,9.397726,2.385418, .0254, 
GW25,2,5.409901,9.093222,1.976585,5.4909901,8 2295355 1 eae oa, 
GN26,1,5.409901,9.397726,1.978835,5.909901,9.093222,1 97 6ee5, vcone 
GW27,2,6.298897,8.229535,2.162152,6.298897,9 093222, 2. 182152, eos 
GW28,1,6.298897,9.397726,1.978885,6 .298297,9.093222,2.182152, .0254, 
GW29,2,7.187892,9.093222,2.385418,7 .187892,8 .229535,2.385418, .9254, 
GN30,1,7.187892,9.597726,1.978865,/.1467892Z,9.095222,2, 5354016, ,0254. 
GHS1,2,8.229555,9.093222,2.58 5916 » 8% 22953556 1229, coo ore cae 
GW32,1,8.229535,9.0935222,2.3565616,8 .229555,9 5977 cone .coparomeleo 4 
GN35,2,9.575684,9.397726,2.385418,9.575684,3.229535,2.385418, .0254, 
GH34,1,10.73122,8.229535, 28 182152,10.73022,8 614026, 2 soe. Ueods 
GN35,1,8.229535,9.397726,1.978885,8.229535,9 .397726,2.385418, .0254, 
GN36,1,8.978538,9.397726,1.978885,8 .978558,9.397726,2.385413, .0254, 
GW37,1533.94473,8 .58545, .3155776,13.94473,8.498283, .9665057, .0254, 


GN38,2,4.648244,9. 
GW39,3,5.867054,9. 
GN40,1-8.978538,9. 
GW41,3,14.70639,8. 
GW42,2,4.838856,8. 


GHW449,4,16.50574,8.229 
GN45,2,16.67736,10.42197,1 
GWN46,4,17.45247,10.42197,1.267847,17.62331,8.229535,1.267847,. 
GHS7,2,16.677356,16.492197,1.267847,1706606,9.517155,1.267647,.. 
26702,7.061345, .150275,5.867054,7 .061345, 
-867054,7 .061345, .150275,7 .187892,7 .061345, 
-187892, 7.061545, .1502/75,8..382183,/ .061345, 
»-982183,7.061345, .150275,8.978538,7 .961345, 
-9785358,7.061345, .150275,9.575684,7.061345, 


GN48,3,4. 


GW49,3, 
GW50,2, 
GW51,1, 


G) 
om 
in 
~J 
‘ 
N 
Ne 
Nn eH eH Mee 0 OO ~J in BOO Om 
RWNNNeH ©- 


397726, .76900753,5.867054,9.397726, 
397726,1.06458,7.187892,9 .397726,1. 
5397726,1.06458,9.5/75684,9.597726,1. 
394837, .9380326,16 .05254,8 .229535, 
229535,1.06458,4.838856,9 .397/26,1. 
ON43,16,8.229555,8.229535,3.0/1147,8 .229535,16 .45907,3.071147, 
35,1.267847,16 .67736,10.42197,1.267847, 


-7/§00753, .9254, 
06458, 
267847, .0254, 
.9119322, .0254,; 
06458, .0254, 


.0254, 


.0254, 
C254, 


-267847,17.45247,10.42197,1.267847, .0254, 


-290275,.02547 

~150275,.0254, 
~150275, .0254, 
-150275, .0254, 
- 150275, .9254, 


26/7 0298 .229535, .150275,49.26702,7 0613495, 150275) .Jeee, 


-667054,8., 
~LOmeee 7 ec 
~ IO L216 5 2 Se. 
575684,8. 
oma, So. 
605 /5575% 
-53452,8 
plee cane. 
-94473,8. 
./0639,8. 
-409901,7. 
-867054,7. 
pale sito 7 


22955554: 
~LOUZT Oy? S167 0%C 7 UObogD, 
»150275,8.382183,7.061545, 
15027559 .575669,7 .0otsas, 
~150275,10.73122,7.416468, 
- 1502757112887 5557277 cece, 
.2135487,12.5545277. 
.27/613535,05- 13822607. 
.3155/76,15.94875,7 
»3535418,14.70639,7. 


(alae a) Sys) 
Fafa N SSS) 
e295oe> 
229535, 
ZEI5 35, 


lapels He e315 


ELIS 507 
229555> 
2295557 


150275,5.867054,7.061545,. 


061345,1.978885,5.86/054,7. 
061345,1.978885,6.298897,7. 
061345,1.978885,7.187892,7. 


384 


061345,1. 
061345,1. 


T5027 Die 
- LO CZL 5) ~. 
1502/7 See 
,L 5027555 
» 15027 5> . 
pe ee oie 
810347, .2135487,. 
848311, .2776133, .0 
567 9021, .51557 7687 
S997 2) soon Do Lear. 
978885,. 
061345,1.978885,. 
978885,. 


0254, 


PIUe: 


G) 

Sea: 

~~ 
eee 


H60 


DATA 


ele Le Daal: 


see 9 DS 568 
-409901,7 


.978538,7 


aso Oly 6 . 


-409901,7 
-298897,8 


»187892,8 


Al 


O615965,2 


-061345,1 
. SG585> 1 
LOG! cum . 
ee 0 O0bEE 


SG565, 2. 


97 8ee5g6. 
91880070 


061345,2. 


229255, 1 


-061545,1 
ec aye . 
4c Kote Ue 


0612345,1 
061345,1 


.061345,2. 


Te2la256 


-978885,6 


s2e7oDo7e. 
.187892,7. 
Hee Ds 6 


22955552. 


585418,7 


CAP Ar ps OEE 
-061345,1.978885, 
-978885,7.187892,7.36585,2.385418, 
565608 58.229535,/ 
385418,8. 
385418,9. 
291 SOGo 0. 
-9/ 35857 58 


O72 655077 


575684,7 
409901,7 
409901,7 


p29GO9l s7 
(ae kere Oa 
MuSreue >, 1% 
-978885,7. 
385418,8. 


187892,7 


061345,1.978885, 


-56585,2.385418, 
913556, . 


061345,2.385418, 


56585,2. 


OOD 7.2. 
222555777 . 


SG5650¢ . 


-978885, 


»061345,2.385418, 
woGlD0o 7 1 
soO05G55 1 * 
s20965) 2. 
sO JGo 7c. 


978835,. 
LoZioe.. 
TOoZ E525. 
585418,. 
385418,. 
385418,. 


0254, 
.0254, 


.0254, 
-0254, 


.0254, 
.0254, 


.0254, 


HCCI Io 27 1s 
-575684,8. 
Oe Sigene 
See 


36585,2.385418,8.229535,7 .061345,2.385418,. 
229535,2.385418,9.575684,7 .061345,2.385418,.6254, 
229535,2.182152,10.73122,7 .645644,2.182152,. 
0613545, 1.978865,8 .229555,7 .061545,2. 385418,. 


GH86 , S5) - 


GN87,1,8. 
GHI88,3,16.05254,8. 
-£€58656,8 


GWS9,2,4 


978538,7. 
.061345,. 
061345,1. 06452,7.187892, i 061345,1.06458,. 


-6498244, 7 


§67054,7. 
973853857. 


061545,1.978885,8.978558,7 .061345, 
7600753,5.86/7054,7.061545, .7600753,. 


2.965418,. 


061345,1.06458,9.575684,7 .061345,1.267847,. 


2295555 


-9119322,14.70639,8 .064233, 
.229535,1.06458,4.838856,.7.061345,1.06458, 


9380326, 


0254, 


0254, 
0254, 


-0254, 


G6, 8. 22955556. 229555,5 .071147,8 .2295355,0.,5.071147, 
GW91,49,16.50574,3.229535,1.267847,16.67736,6.037892,1.267847, 
GN92,2,16.677356,6.037892,1.267847,17.45247,6.037892,1.267847, .0254, 
GW93,49,17.62531,8.229535,1.267847,17 .45247,6 .037892,1.267847, .0254, 
Gyig4,3,9.26702,6.229535, .150275,5.8670546,8.229555, .150275, .0254, 

m9 5,3,5.66/056,2. 2295355, .150275,7.187892,8.2295355, .150275, .0254, 
76 ,%,5.95099C1>56. 2295355,1.978885,7 .187892,8.229535,2.385418, .0254, 
GWU97,2,7.187892,8.229535,2.385418,8.229535,8 .229535,2.385418, .0254, 
GhI98,3,8.229555,8.229535,2.385418,9.575684,8.229535,2.385418, .0254, 
ee, i, 16705254,6. 229555, .9119522,16.052549,8 .229535,1.217228, .0254, 
Orig0,1,16.052546,¢8 .2295355, .9119322,16 .05254,8 .229535, .632737, .0254, 
Mule 7lG.Uscodne 229n05, .71193Sc2,17.39669,8.229555, .9119522, .0254, 
GN102,2,16.05254,8.229535,1.217228,16.73747,8.229535,1.941712, .0254, 
felon tO. 7 ST Aton ccooo5,1.991712,18.2625/,8.229555,35.555609, . 
Sma, l,i? .59609,c 229905, -9119322,17 .60195,8 .229555,1.26784/7,. 
aru =,2,17.60195,6.229555,1.2676497,18 .05436,8 .2295355,1.949621,. 
Pane, 5,18 0593570. 229555,1.999621,18 .92279,8 .2295355,35.325035,. 
GO? slo. 262e go 229555, .5599009,18.92279,8.229555,3.325035,. 
GW108,3,16.73747,8.229535,1.941712,18 .05436,8 .229535,1.949621,. 
10555516 .7/579756-229555,1 .941712,18.1969,8.229535,2.833871, .0254, 
GW110,1,16.50574,8.229535,1.267857,16.05254,8 .229535,1.217228, .0254, 
Ormiil,2,16.505/74,8.229555,1.267847,17 .62331,8.229535,1 .267847, .0254, 
GAl12,1,8 .229535,8 .229535,2.355418,8.2295355,8 .229555,35.0711497, .0254, 
Mss 16,8. 229559,0.2e9955,5.90711497,0.,€.229555,5.071147, .0254, 
GW114,16,8.229535,8.229535,3.071147,16.45907,8.229535,3.071147, .0254, 
GWN115,2,11.88755,8.686688, .150275,11 .68032,8.750752, .150275, .0254, 
me? 7 2+16.9221956. 2299990, 9.529055, 18 .1969,8 .229555,2.8558/71,.0254, 
GW118,1,18.26237,8.229535,3.553609,18.14969,8.2295355,2.833871, .0254, 
GW119,2,18.05¢36,8.229535,1.949621,18.1469,8.229535,2.835871, .0254, 
Gm 20,2,13.94973,56.229555,1.6235761,14./70639,8.229555,1.521732, .0254, 
r21,2,13.1822658 .229555,1 .724999,135.944673,8.2295355,1.6235761, .0254, 
Gaee,1l,1l2.55452u8 .229535,1.552557,135.18228,8.2295355,1.724999, .0254, 
Oei25,.,11.8875556.2295355,1.978885,12.55452,8.229535,1.8523557, .0254, 
GW124,3,11.88755,8 .686688, .150275,12.53452,8 .648724, .2135487, .0254, 
GWN125,1,13.18228,8 .61076, .2776133,12.53452,8 .648724, .2135487, .0254, 
GH126,2,13.18228,8.61076, .2776133,13.94473,8.58545, .3155776, .0254, 


-0254, 
.0254, 


GWll27,2,14. 
1065974 


GW128,2,194 


GlWI129,2,13. 
GW130,1,153. 
-86755,7 
70639,8. 
1€228,8. 
lé22s7c. 


GW131,1,i1 


GW132,1,14. 


GW133,2,13. 
GH154,1,13. 


70639,8 


18228,7 
18228,7 


.86755,8 
.70639,8 


ilg22one 
-18228,2 
.8875576 


-560141, 
ao) 9 Lal 
-848311, 
.848311, 
Li coCoe 
064233,. 
038923, 
038923, 
.000959, 
394837, 


-420147,1.001306,13.94473,8.408285, 
.4920147,1.001306,12.52345,8.493913,1. 
-43913,1 


-458112, 


»9535418,13.94973,8 
»3535418,13.94473,7 
.2776153,13.94475,7 
.2776133,12.53452,7 


miesO275,12.53452,/7.8.034/, 
9360526,15.95618,3. 
001306,13.95812,8. 


1. 
er 
C: 


001306,12.54559,8 


.58545, 
.873621, 
07 Soe. 
.810347, 


051578, 
051578, 


.3155776, 
9155776; 
VoL 55/760 
.2135487, 
.2135487, 
.96828785, 
-9688785, 
.019941,1.032152, 


064658,12.54559,8.019941,1.032152, 


.9580326,13.94473,8 


1 


06458,12.52545,8 


385 


-408283, 


.033734, 


-9665057, 
.9665057, 


033734, 


.0254, 
0254, 
.0254, 
.0254, 
.0254, 
0254, 
.0254, 
0254, 
.0254, 
.0254, 
.0254, 
.0254, 


.0254, 


FILE no 0 DATA Al 
GWN1460,3,14.70639,8.560141, .3535418,16 .05254,8.229535, .632737, .0254, 
GN141,3,17 .59869,8.229535, .9119322,16 .05256,387229555,..692757, 0cod, 
GW142,3,17 .39869,8.229535, 9119522, 16 . 0525953. 22953555 We elece ye eo, 
GbI143,5,19.70639,8.229555,1. 521732,16 .052549,6.22955551.217 2374) ced 
GN194,3,17.623351,8.229535,1.2673847,17 .06254,6.925261,1.267347, .0254, 
GW145,1,16.50576,8.229535,1.2678497,17.00676,8.229535,1.489305, .0254, 
GW146,2,18.05436,8.229535,1.949621,17.00876,8.229535,1.989505, .0254, 
GW147,1,17.39869,8 .229535, .9119322,17 .00876,8 229555, 1 96 7505, coo, 
GN148,1,16.73747,8.229535,1.94i1/12,17.008/6,8 .229535,1.9693505, .0254, 
GW149,3,17.62331,8.229535,1.2673847,17.068038,9.517155,1.26738497, .0254, 
GW150,2,17.45247,10.42197,1.267847,17.06808,9.517155,1.267847, .0254, 
GW151,3,16.50574,8.229535,1.267847,17 .06808,9.517155,1.267847, .0254, 
GW152,3,16.505749,8.229535,1.267897,17.06254,6.929261,1.267847, .0254, 
GW153,2,17.45247,6.037892,1.2678497,17.06254,6.929261,1.267847, .0254, 
GH159,2,16.67736,6.037892,1.267847,17.06254,6.929261,1.267847, .0254, 
GH155,2,10.73122,8.814026,2.182052,10./3122,8- 929 50t et css 
GH156,6,11.88755,8.4$58112,1.06458,10.73122,8.929501,1.1537, .0254, 
GN157,3,9.575686,9.397/726,1 .267647,10 .7/s22,6 5929501) cy aoe 
GW158,2,10. 73122,7.645044,2.182152,10.73122,7 .531943,1.175309,.0254, 
GW159,3,11.88755,8.000959,1.06458,10.73122,7.531943,1.175309,.0254, 
GN169,2,10.73122,7.4164968, .150275,10.73122,7.531943,1.175309, .0254, 
GW161,3,9:575684,7.061345,1.267847,10.73122,7.531993,1.175309, .0254, 
GN162,2,/.187892,9.397726,1 .973885,7.16/7392,9 39771 26,) . Ueasa, 0204, 
GWi63,2,5.367054,9.397726,1.978885,5.867054,9.397726,1.064958, .0254, 
GW164,2,7.187892,7 .0613495,1.978885,7 .187892,7 .061345,1.06458, .0254, 
GW165,2,5.867054,7 .0613495,1.9788385,5.867054,7.0613495,1.06458, .9254, 
GWi166,2,7.187892,7.061345, .150275,7 .187892,7 .061345,1.06453, .0254, 
GW167,1,5.867054,9.397726, .76600753,5.86/7054,9.397726,1.06458, .6254, 
GWN168,1,5.867054,7 .961345, .7600753,5.867054,7 .061345,1.06458, .0254, 
GN169,1,5.867054,7.061345, .150275,5.867054,7.061345, .7600753, .0254, 
GN170,2,7.187892,9.397726, .150275,/218/7392,9.. 397726, 06458, ..0254, 
GH171,1,5.867054,9.397726, .150275,5.867054,9. 397726, . 7600753, .0254, 
GW172,2,5.409901,7.0613495,1. 978885, G. 838356, 7.0613545,1.06458, .0254, 
GW173,1,9.6482449,7. 061345,. 7600753,4. 338856,7. 061345,1.06458, .0254, 
GW1749,1,4.26792,7. 061345, .150275, 4 .648244,7 061345, .7600753, .0254, 
GW175,2,5.909901,9.597726,1.978825,4.838856€,9.397726,1 .06458, .0254, 
GWN176,1,4%.64824949,9. 397726, . 7600753,49.838856,9.597726,1.06458, .0254, 
GW1/7,1,9%. 267 0279.59 (con. 150275,%.648244,9.397726, .7600753, .0254, 
GW178,1,24.70639,5.229535, 1.521732, 14. 70639,8. 064233, .9380326, .0254, 
GW179,1,14.706359,7.899721, .3535418,14.70639,8.064235, .9380326, .0254, 
GOW180,1,13.99973,8.229535,1.623761,13.95813,8.051578, .9688785, .0254, 
GW181,1,135.99475,/7.873621, .3155776,135.95818,8 .051576, -966e7 S55). Oz5G, 
GW182,1,13.18228,8.229535,1.7249999,13.18228,8 .038923,1.001306, .0254, 
GW133,1,13.18228,7.8468311, .2776133,13.18228,8 .038923,1.001306, .0254, 
GW184,2,12.554952,8 .229535,1 .852337,12.56559,6. 0199St) 1 0S28527 0254, 
GWi185,2,12.534952,7.810347, .21354987,12.54559,8.019941,1.032152, .0254, 
GN186,1,13.944673,8.229535,1.622761,13.94973,8.408283, .9665057, .0254, 
GW187,1,14.70639,8.229535,1.521732,14.70639,8.394837,.9380326, .0254, 
GW188,1,19.70639,8.5601491, .3535418,14.76639,8.394837, .9380326, .9254, 
GWi139,1,13.18228,8.61676, .2776133,13.18228,8.420147,1.001306, .0254, 
GW190,1,13.18228,8.229535,1.724999,13.18228,8.429147,1.001306, .0254, 
GW191,2,12.53452,6.2295355,1 852337512 .52595,8. 95715, Vo cose 
GW192,2,12.554952,8.6498724, .21355487,12.523495,8.4$3913,1.6033734, .0254, 
GW193,3,11.88755,8.5724, .69793',11.88755,8 .458112,1.064958, .0254, 
GW194,6,11.88755,8.229535,1.978885,11 .88755,8 .458112,1.064958, .0254, 
GW195,2,11.88755,8.229535,1.978835,11.88755,8.000959,1 .06458, .0254, 
GN196,2,11.88755,7.772383, .150275,11.88755,8.000959,1.06458, .0254, 
GN197,49,10.73122%8. 2295355, .150275,11 .85755,38. 2295355), 15027 570254, 
GN198,2,9.5756384,8. 229555, .15027/5,10. (312276 1c29 boot Ue! op ee 
GWN199,2,8.382183,8 .229535, . 15027579. 57 5669,.8) 2295s ee! oy oe 
GWi2Z00,2,7.187892,8 . 229535, .150275,6 38215558 Jes soos Oe eee ee 
GW201,2,10 -/3122,8.98605, .6549238,10.73122,6 .929501, 1. W5c75e veo 
GU262,2,8.978538,9.397726,1.978885,8.978538,9.397726,1.06458, .0254, 
GN203,2,9.575684,9.397726,2.385418,9.575684,9.397726,1.2678497, .0254, 
GN204,2,8.978538,9.397726, .150275,8.978558,9.397726,1.06458, .0254, 
GN205,1,8.582183,9.397726, .150275,8.973558,9. 5977 2o, 15027 pe oe 
GN206,2,9.575684,9.397726, .150275,10.73122,9.042603, .150275, .0254, 
GN207,2,9.575684,9.397726, .150275,9.575684,9.397726,1.267847, .0254, 
GN208,2,9.575684,7.061345,2.385418,9.575634,7 .061345,1.2678497, .0254, 
GlHi209,2,9.575684,7 .061345, .150275,9.575684,7 .061345,1.267847, .0254, 
GWi210,3,9.575684,9.397726,2.585418,10.73122,8.819026,2.182152, .0254, 
GN211,3,9.575684,7 .061345,2.385418,10.73122,7 .645044,2.182152, .0254, 
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GW212,3,11.88755,8.229535,1.978885,10.73122,7 .645044,2.182152, .0254, 
@ii2ls,3,11-.85755,35.229535,1.9738885,10.73122,8 .8149026,2.182152, .C254, 
GN214,2,8.978558,7.061345,1.978885,8 .978538,7 .061345,1.06458, .0254, 
GN215,2,8.978538,7.061345, .150275,8.978538,7 .061345,1.06458, .0254, 
GeO, 2,11. 86/5557 .7723583, .150275,10.73122,7 .4164968, .150275, .0254, 
GN217,2,9.575684,7.061345, .150275,10.73122,7 .416468, .150275, .0254, 
eee ve! 99 6Gno. 229555, 2.585916,10.73122,8 .2295355,2.182152, .0254, 
GWel9, MepeO fey 7 U9CCUS, 1 50275,11.66052,8./50752, .150275, .0254, 
GW220,2,11.88755,8.5724, .60743,11.88755,8 .686688, .150275, .0254 
GW221,2,10.75122,8.98605, .654488,10.73122,9.042603, .150275, .0254 
GW222,3,11.88755,8.5724, .60743,11.3094,8.77923, 630959, .0254 

GWN223, 5,11 .5099,8.77925, .630959,10.75122,8. 98605, 654488, . 0254 
REKKXKKKKXKKXKGM 0,0,0,0,180 (MOVE UP 9 GND) CROTATE ABOUT 2 AXIS) 

HK KK HK HK RK KKK KX RK KX KAKKXKKGE (GEl1 FOR GROUND ®** AND ADD GN AND GM CARDS) 
RRM KK KK KKK KK KRKKKKKKKFR 0,0,0,0,26.836,0 ; _ 


HK KKK HK HH HH KKK HK KK KX KKK KXKXXXXORIGINAL LONGWIRE ANTENNA XX XXX XH HH KKK 
NX 

CM ORIGINAL LONGNIRE ANTENNA SPACED 18" FROM AZC 

ae STANDARD RADIATION PATTERNS 


GE 

GNG01,1,11.88755,8.458112,1.06¢580,11.88755,2.908386,1.064580, .0254 ANT 
GN4602,8,11.88755,8.998386,1.064580,10.73122,9.41774, .8175375, .0254 ANT 
Gites, 4,10.73122,9.417746, .8175575,10.73122, 952440959, .0254 ANT 
GH49049,3,10.73122,9.326911,1.651959,12.53452,3 .62981,1.852062, .9254 ANT 
GW405,14,12.53452,8.62981,1.852062,16 .05254,8 .62981,1.216953,.3254 ANT 


a 0,0,0,0,180 CROTATE ABOUT Z AXIS TO HEAD IN PHI=0) 
Sie. ene’ oo 1,0 €1 VOLT EXCITATION, ANT = 402,2) 


0, 4 
RPO, 1, 361, 1000, 90, 0, 0, 1 STD. HORIZONTAL PATTERN CUT 
RPO, 1, 361, 1000, 26, 0, 0, 1 HORIZONTAL CUT, ELEVATION = 64 DEG 


PL3, 1, 0, 4% 

Bee ae 1, 1000, 0, 0, 1, 0 STD. VERTICAL PATTERN CUT 
L ? ? ? S 

a 361, 1, 1000, 0, 45, 1, 0 VERT CUT AT PHI = 45 DEG 


HEN EK KKK KKK KKKKKXKKXKXKXXCOLLINS G37R~-2 ‘ANTENNA © XX RHK HK RHR KKKKHKKR 


NX 
CM ESTIMATED ORIGINAL PLACEMENT OF 437R-2 ANT 
CM STANDARD RADIATION PATTERNS 


CE 

GF 

GN401,3,11.3094,8.77923, .630959,11.3094,8 .901028,0.,.0254 ANT 
GW402,8,11.88755,8.529294,1.978885,11.88043,8.901028,0., .0254 ANT 
GH403,16,11.88755,8.529294,1.978885,16.05254,8 .529294,1.217228,. een ANT 
GW404,2,11.3094,8.901028,0.,11.88993,8.901028,0.,. 0254 NT 
au 0,0,0,0,180 CROTATE ABOUT Z AXIS TO HEAD IN PHI 0) 
ee ae 1,0 (1 VOLT EXCITATION, ANT = 401,2) 


Ree 
RPO, 1, 361, 1000, 90, 0, 0, 1 STD. HORIZONTAL PATTERN CUT 
RPO, 1, 361, 1000, 26, 0, 0, 1 HORIZONTAL CUT, ELEVATION = 64 DEG 


PL3, 1, 9, 4% 

ti’ 361, me 1000, 0, 0, 1, 9 STD. VERTICAL PATTERN CUT 
PLS, 1, OQ, 

RPO, 361, 3, 1000, 0, 45, 1, 0 VERT CUT AT PHI = 45 DEG 
XQ 


KKK KKKKKKKKKKXK PROPOSED CG COLLINS 437R-2 ANT INSTALLATIONXXXXXRXKKKKK 
NX 

CM PROPOSED CG LOCATION OF COLLINS 437R-2 ANT 

ce STANDARD RADIATION PATTERNS 


Or 
GMG@01,35,11.5094,8 .77923, .630959,11.31,9.35, .65, .0254 
Gee, 20,11.31,9.3,.63,16.0,8.5,0.3, .0254 


GM 0,0,0,0,180 CROTATE ABOUT Z AXIS TO HEAD IN PHI=0) 
GE 
EX 0,901,2,01, 1,0 C1 VOLT EXCITATION, ANT = 401,2) 
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RPO, 1, 361, 1000, 90, 0» 0, 1 STD. HORIZONTAL PATTERN CUT 

REO. . 3é1, 1000, 26, 0, 0, 1 HORIZONTAL CUT, ELEVATION = 64 DEG 
RPO, 361,'1, 1000, 0, 0, 1» 0 STD. VERTICAL PATTERN CUT 

RPO. 361,’ 1, 1000, 0, 45, 1, 0 VERT CUT AT PHI = 45 DEG 
1200000000000 HK ARTY “TY PE TUBE ANTENNAXXXXXXXXXHKHX XX 


CM TUBE ANTENNA 

CM STANDAKD RADIATION PATTERNS 

f 

GH401,12,11.88755,8.458112,1.064530,11.88755,8 .686688,1.064580, .0254 ANT 
GNG02,1,16.95254,8.229535, .9119322,16 .05254,8.458112, .9119322, .0259 ANT 
GW403,12,11.88755,8.686688,1.064580,19.70639,8 .6234149, .9377575, .0254 ANT 
GN404,12,14.70639,8.623414, .9377575,16.05254,8.458112, .9119322, .0254 ANT 


a 0,0,9,0,180 CROTATE ABOUT 2 AXIS TO HEAD IN PHI=0) 
Bere hat am 1,0 C1 VOLT EXCITATION, ANT = 403,2) 
PLS, 2, 


0, 4% 

Rie 1, ooo 1000, 90, 0, 0, 1 STD. HORIZONTAL PATTERN CUT 
» 2, O, 

RPO, 1, 361, 1000, 26, 0, 0, 1 HORIZONTAL CUT, ELEVATION = 64 DEG 


PL3, cS 0, 4 

See ae 1, 1000, 0, 0, 1, 0 STD. VERTICAL PATTERN CUT 
? a? 0, 4 

ae 361, 1, 1000, 0, 45, 1, 0 VERT CUT AT PHI = 45 DEG 

EN 


388 


INITIAL DISTRIBUTION LIST 


No. 


Commandant (G-PTE) 
US Coast Guard 
mashangton, DC 20593 


Commandant (G-EAE-4) 
US Coast Guard 
Washington, DC 20593 


Ed Bregstone 

Commandant (G-EBE-4/TRPT63) 
US Coast Guard 

Washington, DC 20593 


Paul Arnstein 

Commandant (G-EEE-4/TP63) 
US Coast Guard 
Washington, DC 20593 


GEPR B. Black 

US Coast Guard 

Aircraft Repair & Supply Center 
Elizabeth City, NC 27909 


De. R.W. Adler 

Code 62AB 

Naval Pestgraduate School 
Monterey, CA 92940 


De. "Robert HC Au 

Lockheed Missile & Space Co. 
PO Box 504 

Sunnyvale, CA 94088 


Capt. W.P. Averill 

US Naval Academy 

Dept. of Electrical Engineering 
Annapolis, MD 21402 


Dr. Waite 

Arizona State University 
College of Engineering 
Electrical Engineering Dept. 
Tempe AZ 85287 


389 


Copies 


Constantine Balanis 

Arizona State University 
College of Engineering 
Electrical Engineering Dept. 
Tempe AZ 85287 

Dan Baran 

PL URE 

185 Admiral Cochrane Dr. 
Annapolis, MD 21401 


J.E. Barkhouser 
Boeing Aerospace Co. 
PO Box 3999, MS 4H-09 
Seattle, WA 98124 


J.K. Breakall 

Lawrence Livermore National Laboratories 
PO Box 5504, L-156 

Livermore, CA 94550 


G. Burke 

Lawrence Livermore National Laboratories 
PO Boxe5504 Ge 156 

Livermore, CA 94550 


Donn Campbell 

TRW MIL ELEX Division 
RC2/266 7X 

San Diego, CA 92128 


Brenton-Gampbell 

IITRI 

185 Admiral Cochrane Dr. 
Annapolis, MD 21401 


William F. Croswell 

NASA Langley Research Center 
Mail Stop 490 

Hampton, VA 23665 


James J. Daniel 

Naval Avionic Centér 
6000 &. Zivst 7 Dee 
Indianapolis, IN 46219 


Dennis DeCarlo 

Naval Air Test Center 
SY80AE 

Patuxent River, MD 20670 


390 


Peter Butt 

Naval Air Test Center 
SY80AE 

Patuxent River, MD 20670 


Professor John Donnellan 
US Coast Guard Academy 
Mathematics Dept. 

New London, CT 06320 


Francis Enomoto 

NASA Ames Research Center 
Po 22/-2 

Moffett Field, CA 94035 


De. A.J. Ferraro 

Pennsylvania State University 
Ionosphere Research Laboratory 
University Park, PA 16802 


R.D. Gehring 137-124 
Collins Rockwell 

350 Collins Road NE 
Cedar Rapids, IA 52498 


Fred Hubler 

Collins Telecommunications 
885 35th St. NE 

Cedar Rapids, IA 52498 


Rob Timm— 

Collins Telecommunications 
Se 35th St. NE 

Cedar Rapids, IA 52498 


Frank Cancellor 
NOE COMM Branch 
DAVAA-E, AVRADA 
Ft. Monmouth, J.J. 07703 


Dr. Anthony Jennetti 
8S L Inc. 

pox 510 

Sunnyvale, CA 94086 


H. Kobayashi 

Department of Commerce 
179 Admiral Cochrane Dr. 
Annapolis, Md 21401 


394 


Dr. S.J. Kubima 
7141 Sherbrooke St. West 
Montreal, Quebec, Canada H4B1R6 


T.@. Larter 
Lockheed, Dept. 7776 
BibGlGraac 0 ~ 1 

PO Bexeoom 

Burbank, CA 91520 


A.J. Lockyer 

Northrop - Aircraft Division 
One Northrop Ave 

Hawthorne, CA 90250 


Jim Logan 

NOSC Code 822 (T) 
271 Catalina Blvd. 
San Diego, CA 92152 


E.K. Miller 
519 Innwood Road | 
Simi Valley, CA 93065 


L. M. Mitschang 
14 Cricklewood 
St. Louis, MO 63131 


T. Roach 

Microcube Corp. 

Box 488 -— 
Leesburg, VA 22075 


Dr. John W. Rockway 
NOSC Code 8112 (T) 
271 Catalina Blvd. 
San Diego, CA 92152 


N. Skousen 

Eyring Res. Inst., Inc. 
1455 W 820 N 

Provo, UT 84601 


W.D. Stuart 

IITRI 

185 Admiral Cochrane Dr. 
Annapolis, MD 21401 


De. Gal > Laytor 
Royal Sign & Radar Est. 
St. Andrews Rd 
Gt. Malvern Worcs WR24 3PSY 
England 
392 


E. Tomer 
ieol llth Ave. 
Sam Francisco, CA 94112 


C.H. Vandament 
Rockwell International 
333 Ravenswook Ave. 
Menlo Park, CA 94025 


Defense Technical Information Center 
Cameron Station 
Alexandria, VA 22304-6145 


iuprary, Code 0142 
Naval Postgraduate School 
Monterey, CA 93943-5002 


Department Chairman, Code 67 
Department of Aeronautics 
Naval Postgraduate School 
Monterey, CA 93943-5000 


roo 











DIN nF 


ITA. VS / 


MOUTREIY , CAT TPop arp 


a | 


Be 


ss = 


12 syegligt 
ne 
~e 4 


Oo 















































































































































. C E > ‘ - 
>> ¢ 4 2 . #008 P > vs * o + 
a" + Y) Agee oe 4. esau Py * 4 i - s 
aig. ¢ qos a os , «a ant ‘ » . tak 
is ” ae . ‘ 2 4nham2 e <= * r s 4 
. a fon ec * >? ee a a A eg 08 e 5 ri h C817 
a =, @m# ? oe ee ! 146,627 8 © &, * a6 tnes 
=e « » & Bit men reit P af ' su r Per e 2 5 , 
ne ° . p. ta 2 . ware es ws Bod a r zs F th D | 
peas namerecb se eae anecad aah a pie inset ptimizing HF antenna systems on the DO 
nT) Pry eles & * a a n “9 : 5 Apr s . P ‘ 
4“ rm OF e fhe ‘ 24. e . yrerty a r aera ae" | 
Ye Beet. e & Sato? 29 of lp . prt at 839 - r = . 
2.8 20 toon Por Pa ( ’ . ec . rm f s 
ov «> fon h® Bee rt ~ = oan ot - ark 
Tan Pe So & Gs8 te o.8.9-8 $: Geter @ : * es Sy 94 A rarer ice © | 
s a 4 m+ " 4. , - » a ‘ en? . 4 a 7. 
wee e309 e @ Par »* eo Ke Go as «8 4 
erty toe BoB Bad Reteta- Fa" 9 a. oka 4 t er Py | | 
“ 8g Roll opr a 4 Aes SAG) M9 0 ~ . a) $d By Oi tn he 2 e- i | | | 
4 a » ase Pm £ ~ 8 ee ed e _ * , 4 
ow aml e™ a2 Sn 8 Gagan th ' buh et ti, Ge. Oo C2454) eatas ais 
>. 30H 2 Hein ip? @ os & fo .2 Le . " . 
Segara eorioa tome miata 2768 000 74966 7 
orhe ee * Ms ytof ‘ nt Be ivr Aje Ss eo. 
— na bh.  & Bete © hot ear —s 4 e ‘ . 
9 tet S © 28 4084 Puy) ey | ' tear &. U “= R RY 
> aE Phe eat = — ao ‘ . br *. 4 Bi ote @ * re & o1e ¢ 
ase Setter ® Buk > bar ‘ * . 7 a 
Poh aan . © ted 4 se Sahih she wre % e wy x sarees T : 
¢.~« bo bes . . at. ¥. Po” ~ eck 28 Vuche AB! Eve Remes.6 » 
o> os 0 -* . ~ * a8 * A & boty ea 
new a . ee x tat a nae te bond ’ - a La 
se cet on * >. hohe e 5 ee , s e ar 
22 - > * met Pr PY ' 2 & wit kod - tas 4 
Sm ine he * een 1 8 tome of : 2-4 , a 
sed Gas O28, Ret ene @ tooask hee & 4 . &shae 
@ mame’ £°4 Hat i eT A RD D wrote MINED es ry ~ ‘ LEE sO 
— ee oe! » ape hy OH ws = y bm ved “as . ” an e ~ rr ‘ ued 4 
Suttod tt oa t.4 An, Seekd @ r’ ‘ Sho ton an af * ' ‘ r is P ’ PR 
tis ' ‘ ' t 
f ‘ c 4 ‘ 
. net ' . 
‘ ' 
ty ot t a , ® e 
ane ‘ s ’ 
‘ ’ . ¢ ’ ‘ 
¥ * 9 ake r) 
a4 e > . ‘ ‘ ' . * 
’ ‘ 1% ' 
i Ase Ff A 4 
2 = . ‘ ’ ’ 
ok ast P * t ‘ 
bee s s ’ 
e © 8 eer . 1 
. e t 
Poel a 
oh8 f 4, s 
t , . a | wit ' f 
‘ & 154 ‘ . 
’ . - a ee ‘ « 
§ oe ‘ * 7 
é a a rt - r) 
’ ’ ‘ « r ‘ i 4 
’ ‘ & simst *s e 
! £ Ase a 
Le ae | ‘ d 
’ ' tet 
’ . ¢ 4 ' ‘ 
‘ ’ t ' ’ 
eee ‘ en? ee ‘ ’ 
ort aca chew 
€ . es Ta 1¢ ' 
ryt e te 12 ¢ & bet 
ec . a, ' a 4A t 
Tek ee i Se e rheaieé 
‘ ‘ € ' 2 a . ‘ 
Ll f y 4 
‘ ne ‘ ee . 
: ' 
bok! oo > ott Bf ‘ Pi + A z Wat t 
ee« winet a a a ho POE a te % © %t On6.8 ee a\t é 1 e 4 t 
o> df oft datsee4t b.Aof Homese UPd O.O Belize s ih hun , a « ns ‘ at a ‘ F ree 7) cas 
bw ta te hate’ 2 Rd atonal fok on Fas ‘ 16 ’ e tee a Arey, - ’ 
4 oA , Wirk sete’ & é ! £ LP Pee ee 4 
£ are « ’ ei « o' banpe@ ‘4 ? ‘ « 1 
A id ted ‘ ‘ . to ne” + i a ‘ ® ge r 
@°¢. OL o% t rs ema re bis + ob a ‘ f f 
hs is * loa ' wd ' ‘ 
dite ag? ' y dou ’ ‘ 
i,t ** ” a @ ’ ase * a.@06 858 . - 
Fone! wt t 3 . ‘ et « fsa be? ‘ 
ere t « ‘ 5 ham is © : Pr + ‘ A 
mph "7 side P| € fotet r 4 so theh ‘ ' , r 
& * Ain © Ant Bee + bbe ‘08 é lie.t i F T > Pa 
npto= . a4 balee MLtph* 5 .* 
ted a Th . e af : ‘ 
“s mac @ 44u08 “ "oo a ¢° 4 f 8 
. i» 5 * Le) ’ . avis * 
ho mn - meit te Bs : wt na ry 
ae ’ siott?é a? qai . ce i 
ates } * 3 ‘ \ ' {24 me ' ' 
i fall aT i ’ : J P, 
‘i - PK ‘ i © ee ' tal ‘ ‘ ' U t Ml hi 
fave ee ‘ et minim) e aft a&stnh & ve . d 
e gy fr 6. 0 bande et ea Te . ae i> oo ‘ &@s 5 
i » 7 a f ake Kb of ‘ Dp 1 e AA ' A 
* Fae has Saw qe ‘ soe ae & t* 
a Phi de ende tad -bet 8 ms . if ‘ ‘ eep @ ze | e 
AS *, Saely 4 e «1d ? "s ‘ . 
hats ; a os 14 . ie hie ’ i ‘a eu ' 
476 me A }. £2 ‘ wos @ tees ' A Oi, a F 
; ° © at Pa aed 0% } 1 ‘ f r ; s 
. 4 a aol 3 rt ’ i %* 
f “ie Bie 453 od * 1 ‘ a) . 
, f ° na ' to? oli gp 6 0 8 Tees a) : 
r ae i ne tA)? are « a bad s .- 
ssieemw et,’ 7 ane e ’ ° Po | 
Bota O52 A ‘ ® é woe ‘ . Pe? He a 
dt had fam a2behs : aed it Ae vest re ; vs ‘ 
‘ av ie et e ‘ e ae | Z 
Ye dighae Foe «8 a 2's « aad 2 ' i 
a) ‘ * . é F 4 a 
4 r j Py P a*y% i a , 
" te e - 3 s fu . ~ 
ite “4 a fe te ovat - ts ' i en ‘ ' 
P + é 4 te ¢ 7 2 ’ 
on bike of felre aa ha ee ie nace i 
& ’ s De 1 4 , 4 wy , i 
be fis eke ° ovt's ont i ¥ ' Fa 
. os ° "® re ' e #.¢ a ‘ é « 
‘ Wie ¢ ae te fon Wise” an * . ' i ; 
. é @e' 4 te. te F z ' , 
hee? ‘ 3 F se "d's = ry “Om 
' MW _ a . te ru , e ‘4 © 6 
d3f 46 . sf 9h 4 1 he ‘ F t e if 
B ced ° sity i te - uP shh ms ’ Spud 
i» eed oo ~ i @ opts see fe 26 a 4 
& us ’ ‘ othe oF oe kte yn P 
. “ 4 “1 . a . . Ras t ‘ 
i 1? y , Vet PL ict & ¢ Pa amt ' i 
tes ve? « aa « a 
£3 J ry) er dy PS ‘ a é ; 
? ? ws wtet : 3 
ley j iss Wk > = ean . 
2 2 Jv \ Fy x é ‘ ' ‘ i 
x. +* t tifa - ’ 3 . ¢ te pe 
- ‘ = " 4 e x obs Pa 
al yi LU ‘ 5 
1 ot : e “e 4 » ' 
be ty «8 . *. j ‘ é t 
. *% ‘ yo ' F 
@ore 2 y ' 
5 “4 8 ‘ Ti 
i , ‘ 7 Py] 
rv *¢ F] “o> * ‘ ” 
» be ; . i 
a t : *2 
4 4 ‘ . 
bi t 4 ae Siu 
#t ee Lath i 2 . i ’ 
hk eat e peur * bad . 8 
' : “0 ac! . : 
16 4 ie ‘ F 4 e A 
eaeras ’ gdey Py : Big a8 ' ' 
ae t= aE ® ' ie 
ateeel® : . 
a! ers on’ seo ' . 
{ellie tb Chet hd of od 4 P letay eat wv ‘ * 5 P 4 
SyfiSertsieee ey 5 rer ? . Sake ' : F 
GLb ogi pr epeet, $F», ey a2 ei vi 
t shyt oant af ‘ PIParh ' . i . 
a ve . q * . + . . ‘ 
. > ‘ %. i * i 
_? * 1 yx 4 ‘ « ‘ 
bisg0i® 1 * .e yi 
7 Tt es od . : tee 2 wh g ® > . = 
Fh j .e y 
* . 1h. *% } ¥ yee, ote : 
ow | Pires : 5 %; Pepe susete i at a © Trt 
e r wy ie ad * rye 5 . i j e 
ap®s wy? ¥ Fe tet ' . ' . | ‘ 1 
Ree gre Patter tm uP. on “ ey “4 : d } 
Shag a ral aec7erys ec? ¥ Pre » 4 ifs £ Ciepses ge ye tf 
sermerrest ras pes” 5 pus ‘ yon 6 oe. 
9-oF S'.3 ~ sd Pts eon B¥et “ “« ‘ ve? 1 
. ' ' 4 a} P ,? ; 4 t 
eee Seb yes j aehir hi} ty 
' ye F a" oy » 
$* ¥ - + ye 
ame ‘ . 
h , eee ' 
1) e 
se ® - ‘ s 
" tis g oH, Fe 
ae J ne ry ‘ 1 , 
" . 4 vt The 
‘ . 6, gee 
¢ * tt 
‘ 4 L . ' ’ 
ew ' 
‘ Pray ‘ 
' 
eee @. ej ' 5 ‘ : 
oe 7 , ° © s « t et 
s! *%a° @ f ph j > 
ee ae ‘ sree ee ‘ 
tl qergiprois ¥ ; 
Pe As el Bed dtd wre . nty te j : 8 on j 
A! = 1908 Hs a*Ueryege " > 
Ty) Ba vere wean & G*e-e bey t ‘t I = 
6 ’+ "a bal * sd 9 Is - . ; 7 
" tgGy Ie g 1p erg Cher *6 ’ * Hine tae * ; ; A 
as s ool pew reey er ta) ba 7 ae t Tye Fi i 
ase pene Jas "er arW »¢ ere * 4 t ’ ' 
To he oe viece yews * ere’ erty Fe wrarets, , 
, weet ® ld Jie} rere es vu J ® ae ve - : ‘ . 
pope m *gacsee rg Ler Ere . : 
tes gop vind Oo edeye yw e; e e ‘ 
ePie@ ee verve? ehh tele za ara 
© tf cetere eres ’ ois oue ;0¥e y \ , : 
= yee Le a ogederhvay Ss Peres ‘ t vie x . 
°e © ebetD ® & uh ere 4 » warps & a t - ; 3 
e WP Op OP ever, OTF gp aesoP ery yor d 26 9°98 a0 py f 
Ges - ye - ‘ Won ter wite p-ta el be 198 d F = 
eae Po wet soier ' ’ Pe : 
yb ote o11 Fors Cede 0.6 . Bini Oln ost OF oP ye , ee ‘ ; 
2 F09e bau, @ weer &' Ses ste 19oe ad 
eq cotep eye lee pt s fotos uth &* ye Ocalan maserrsees age : an | ; ae ee ; 
pep opel Gey pe & Pheer ¢ vee . 
vee 4°@ eter, ehisose'e c°8 Fie tiotely-s , , ‘ F 
he ted * fo ewig bees JEG DA. BLES De ‘ ‘ v4 . ‘ 
*, we” gt ee aes on gia ato, e'0 ef 4 ik ‘ 
m) pepe (apes eyelere er4 usertr vr,y} ’ . ’ . 
rebrt e 69/9 L . ‘ P 
gah 7 . + 
teil 3 t ¥ ’ ¢ 
e'ge? ore gts Gis : H e - 
q ‘ \r ‘ 1 
i Yehla.8 123'% e ¥ » ’ Hi ae vat ’ * 
ose on'y yee Bu ye ws @ ile WFuseei ce ‘ sda " ‘ ' te 
tee e’obwa erpege ® ' he ‘ is rT) 4 ei ‘ ’ 
ve 4 shire i; 2 wu) vite e aig id 4 ” 
me be oR'e) OARIR IV Tb w hd bs ve "eT he eh eee et yO? Ore: & ot eee CU ‘ 
oi wYepY)e grant ph Phe le P ‘ oe ’ H Ps 
Fk Ae LA . pee oe to gptr vest sey. Ft els 
Ltd dg Ada de bt i Lt ‘ ° ¥a¢ mye yi ‘ 
ead seers Breve Y ee erg ek ee ~ ‘ ‘ 5 . 
4 aed L it oe A ay . 
: Aelia Rites ib 1 pele 7 ‘4 hey ‘ 
é ve gie'e 4 : Me 
bdadl Libed t vo: 08 ; ¥ ees e elt cs 
v ‘ hee bald t¢ tele’ ‘ ‘ te ; 
| SAAS. = greee TO . m1 fee v9 " P Ree 
Re i ue . LD 6 el ‘ ‘ . 
ys' : yo * ovate ¢ : L fied ’ 
e " . ° 7 ' 
yy 8 Be ere "e ‘ z siete i ¥ 
+4 rry bd , ’ ate Q ‘ i 
i'een e aR % i 3 : ® a? ¥ 
, WHO+,4 io ? 2 ve . . . ‘ TF 
bd. pig oP howe Cdereta t igo v2 erederds ee ‘ it 
sued sete 0; Oprry tec Pe > Py yf 4 5 Pe P tf 
wae ’ ut teil ute w ufo ‘ ‘ é a ‘ t ‘ 
ve - bP wie é ‘ 9 e ee ae Rd ‘ ' 
’ . *y J s . vie ‘é Pt) e y . ‘ PI > al e's » i 
ed 3% or") Lh) ‘Hs 4 ace . 
i e¢@ a's % , ’ ) 
ay t t ¥ - 
ore?’ ve t TT ’ a y ’ re : ‘ 
' ‘ ‘ 








. ' 
I 
{ 8 ' 
Pa Phe me 
Pa ‘ 
4 
' 
<n 
' e 
' 
‘ 
’ 
+ r i 
‘ 
a 
even 
t ' 
ote 
‘ 
1 . . 
i 
' 
; 
‘ 
1 x 
' 
e « 
' ‘ 
‘ ‘ 
' 
' 
pee 
! 
' ’ 
| 
‘ fs ’ ‘ 
’ 
' 
i P i 
. t 
t 
4 « 
1 , 
'4 
‘ ' 
¢ 
’ ° 
. 
' 
‘ 
fs . 
ae 
t 
' 
1 ‘ 
' 
é 
i 
ane 
ia 
' ¢ 
Buy 
' ' 
1 
‘ f é 
e 
’ ‘ 
° 
' 
ry 
* 
‘ 
' 
’ 
' 
‘ 
’ 
é 
b) r) 
‘ 
. 
* 
' 4 ® 
6 
‘ 
. ° 
' 
‘ ' w I 
‘ © 
’ i 
é 
' ; 
i 
' ‘ 
e 
i 
: t 
i 
i 


